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INTERGOVERNMENTAL OCEANOGRAPUTIC COMMISSTION

wWorkshop report no.ll

Opening of the Worksohop

The International Workshcp on Marine Pollution in the Caribbeen and
Adjacent Regions was held in Pcrt-of-Spain, Trinidad, from 13 to 17
December 1976, under the auspiccs of the Intergovernmsntal Oceanographic
Commission (I0OC), the Food snd Agriculture Organization of the United
Nations (FAO) snd the United Nationo Environment Programme (UNEP). The
VWorkshop was formelly inaugurated by the Cheirman, Dr Julian Kenny, after
vhich Mr Lennox Ballsh welcomed the participants in the nama of the
government of Trinidad and Tobsgo. Mr Ballsh pointed out the importance
that Trinidad and Tobago. attachod to s regional effort to combat
pellution of the marine environment. Following these words of welcome,
Mr R.C. Griffiths, Asgsistant Sacretary of the I0C, thankad the govermmasnt
of Trinidad and Tobago for hosting the meeting and walcomad the
participants on behslf of the threc co-sponeoring UN bodies. Afterwards
he bziefly outlined the scope of the Workshop and emphasised that its =einm
objectives vere to identify the major msrine pollution problems of the
region and recozmend 8 sev of priority asctionc which would lead to a batter

understanding of them.

The Agenda of the Workshop is attached as Annex I.

1.1 Election of Officers

Dr Donsld Atwood proposed Mr Jorge Corredor as rapporteur to the
Workshop and was seconded by Dr Enrique Mandelli and Mr Vasquez Botello.
Mr Corredor was elected unanimously. Dr Julian Kenny then proposed
Dr Domald Atwood ac Vice-Chairman; he was slccted umamiemousiy. The list
of participants is attached ac Anmox II. The agenda waoc then precemted
by the Chairman of the Workshop, Dr Keamy.

1.2 Imitial discussions

Dr Stjepan Keckes of UNEP explainasd briefly the principles used by
UN in dealing with the environmentnl problems im marine regioms such as
the Caribbean. The basic characteristic of this approach is its
comprehensiveness and complexity im which envirommental protection is mot
viewed simply as environmental conservation but ag a dimengion of socio-
economic development.

He then explained that UNEP had taken goms preliminary steps to
develop & regional Action Plan for the wider Caribbean Region. Such a
Plan could comprise the following subjocts: protection of the marine
environment; promotion of environmental health; humen settlements;
touriem; industrial, techmological and matursl resources development;
natural disasters. The Action Plan vould be developed in co-operation
with the Economic Commission for Latin America (ECLA). The relevant

parts of the UN system are expected to provide full assistance in the
davelopment and aventual imnlementation of the Action Plan. He atated

thot the Action Plan will be formulated in close consultation with the



governments of the region and will take into account the realities, needs
and possibilities of the region. Once formulated, the Acticn Plan
would be presented for discuseion, modification and approval, to a
Caribbean intergovernmental conference to be convened at the highest
possible political and technical levels townrds the end of 1978.

In view of the special importence of the maring eavironment, he
stated that although the Action Plan will basically empharize the
management of the coastal developmental problems, the prutection and
vinogement of the marine environment and its resources will receive due
attention. In this context he pointed out that this Workshop would play
a central role in identlfying priority problems related to marine
pollution in the wider Caribbeam re¢gion and in proposing priority
activities or measures which could be inrorporated into the Action Plan.
The implementation of certainm activities proposed by the Workshop might
start in 1977, pending the views of the governments of the region. As
the work recommended by the Workshop should be uadertaken almost exclusively
by the experts and ingtitutions of the region, 2 massive training programme
and a strengthening of the capabilities of national institutions could be
the first steps to be undertaken with the assistance of the relevant
specialized bodies of the UN system.

Several of the participants expressed their doubts that a group of
trained scientists from the region could be prepared before the end of 1978,
To accelarste the identification of training needs, it was proposed that the
Workshop report include a call to the goveruments of the area to consider
their needs ian the light of the recommendations of the Workchop, and to
communicate these to the organizing agencies, ’

Finally, Dr Keckes stressed the delicate political nature of
pollution programmes and the consequent necessity of having the full
endorscment of the governments jnvolved.

Mr Marian Fila, the representztive of the Intergovernmental Maritime
Consultative Organization (IMCO), informed the participants that his
organization, with the support of UNEP, was at present planning to hold a
course on prevention, abatement and combatcing of pollution from ships for
the region. He indicated that the course would primarily deal with oil
pollution problems and would adhere to the framework established in the
1954 Internatiomal Convention for the Prevention of Pollution of the Seas
by 0il (as amended in 1962) and of the 1973 Convention for the Prevention
of Pollution from Ships.

Dr Bogdan Kwiecinsky noted that such courses were also available to
Caribbean and Latin American gcientists at the U.S. Coast Guard Reserve
Training Center, Yorktown, Virginia, USA.

Invited Lectures

Eight special lectures on topics related to the main questions of
marine pollution in the Caribbean were presented.



2.1 Dr Ingvar Emilsson presented the first paper, entitled: "Regional
oceanography as it relates to present and future pollution
problems and living resources: Gulf of Mexicc."

He briefly described the main physiographic features of the Gulf,
followed by the main features of the horizontal circulation which is
characterized by a strong flow through the Yucatan channel. This
current, after flowving more or less northward, turns eastward in a loop
and issues through the Straits of Floxida. The loop current is highly
variable in strength and direction. The western Gulf is characterized
by relatively large eddies generated, at least initially, by the loop
current from which they separate in the northern part of the Gulf.

Wind stress is particularly important over the shallow shelf areas of

the Gulf, and tidal currents are important in spite of small tidal ranges.
There are therefore comparatively complicated water movements inshore,
especially near the mouths of rivers. Tidal currents are particularly
important in the flushing of coastal bays and lagoons.

Vertically, the surface layer in the Gulf is highly stratified,
especially in the western and central regions. The mixed surface layer
varies from about 30wn. in summer to 75m. in winter. A thin layer of
water sup~rsaturated in oxygen is often observed in spring and summer at
30-35um. depth. Reduced temperature and incrcased salinity in winter lead
to vertical mixing and the erosion of this layer. ' Hurricanes and strong
northern winds are an important factor in vertical mixing. However, such
mixing is limited over shallow shelf areas. Exchange of water with deep
or offshore water is quite small, especially in winter.

There is a salinity maximum at 100-200m. depth due to subtropical
subsurface vater from the North Atlantic. This water may reach the
surface in Campeche Bay, and off the Texas and West Florida shelves.
There is neutral stability below the cill depth (about 2,000m.) but high
oxygen values ghow that vertical mixing takes place in the basin.

However, the deep water of the Gulf has practically identical
characterigtics to that of the Cayman Sea, suggesting that water above
sill depth moves mainly horizomtally with limited vertical mixing. This
makes the Gulf an unusuzl semi-enclosed basin inasmuch as it is well
stratified, yet each layer, even below sill depth, exchanges water with
the outside at an appreciable rate. This is probably best explained by
the topography of the entrance in the Yucatan Channel and the high energy

of the incoming water.

Discussion

It was noted that, in certain coastal areas of the Gulf, such as the
Campeche Bank, relatively long residence times of waters could be
expected, with a relative concentration of pollutants as a possible
congequence. Despite such isolated cases. it war noted that the
residence time of certain pollutants in the Gulf surface waters could be
of the order of decades. The residence time of pollutants in deep water
(below the Cayman Sill) appears, however, to be unknown, an' a better
understanding of transport across the 8ill is required before this



question can be satisfactorily answered. It was 21so noted that
transport back from the Gulf to the Caribbean was possible but that its
magnitude was probably not known.

A concrete question was the possible fate of a major oil spill in
the Gulf. Dr Emilsson was of the opinion that such a spill could be
wvashed up on the beaches or trapped along them for a relatively long
time owing to the nature of the cyclonic eddies breaking off the loop
current systems. The typical life time of suck eddies was thought to
be in the region of 100 days. :

It wag also noted that, as a consequence of the large-scale
circulation of the Northern Atlan:ic, major pollution events in the
Caribbean Sea and the Gulf of Mexico might have an effect upon European
waters.

2.2 Dr Donald Atwood presented a paper entitled: "Regional oceanograpyhy
as it relates to present and future pollution problems and living
resources - Caribbean".

He described briefly the bathymetry of the Caribbeen, all the basias
of which are much deeper than the deepest sille (Windward and Jungfern,
in the Antilles). Below the surface mixed layer, which is strongly
affected by currents, are two main water masses: one centred about &
salinity maximum at about 175m. depth - subtropical underwater; one
centred about a salinity minimum at about 800m. depth - subantarctic
intermediate water.

It is still not clear how much or how fast water in the basins
beloy s8ill depths is replaced. Evidence from obgervations of dissolved
oxygen and silicate suggest that the replacement is appreciable though
probably sporadic. At the surface the north equatorial and the Guyana
(south equatorial extension) currents are the sources-of the Caribbean
surface currents. The two source currents join to form the Carigbean
curreat although there are two main branches (14°-16°N and 12°-13°30'N)
with velocities of more than 40cm./sec. and 60 cm./sec., respectively.
There is significaut flow down to 500m. depth but not below.

Temperature and salinity contours move close to the surface in the
southern Caribbean where upwelling often occurs; these isopleths also
turn slightly towards the surface in the north, owing to an eastward-
flowing countercurrent.

The Amazon and Orinoco rivers contribute gignificant amounts (up to
200x103m3/sec) of fresh water to the surface waters of the Caribbean.
The silica content of the Caribbean surface water veries inversely with
salinity showing the fluvial source of the freshwater. Fine layers of
sediment originating in the Amazon and Orinoco rivers are found suspended

at certain depths.

The southwestern Caribbean is also affected by seasonal rainfall.



Since the water in the Ceribbean hac oony sources, pollution of
them presents a potential damger to the Caribbeam. Davelopment of the
Amszon and Orinoco basins could be, in the future, very important in
this sense.

Increasing pollution of deep water that ic not readily.reoplaced
could also become a critical prablen.

Digcussion

It vas noted that deep Caribbean waters may ba subject to only
sporadic removal. ~Hence, a major concern wves that anoxic conditions
might result if a large amount of organic materisl wvere to sink into the
deep basing below the sills. The influence of Amazon and Orinoco waters
on the surface waters of the Caribbean was peinted out, and it was noted
that future major pollution from these river basiue could have a strong
effect upon the Caribbean. :

2.3 Dr Enrique Mandelli presented a paper entitled: "Pollution research
and monitoring for heavy metals."

Dr Mandelli described briefly the occurrence of metals in natural
waters. Transition metals tend to be reactive and gso accumulate in
ninerals and organisms. Copper and zinc have specific biochemical
functions, whereas silver, cadmium and mercury are biochemical hazards.
More lead is mobilized by man than by nature, and the effect on organisms

could bo both gomatic and gematic, Cartain amnharveric elementeg like

selenium and arsenic are mobilized by microorganisms and thexr organo-
metallic compounds may be ecologically significant. = It is ‘often very
difficult to establish the prevalent metal species in natural waters.

Weathering and vulcanism are the predominant natural processes
transferring trace elements from the continents to the oceans. Land
erosion, due to intensive use by man, and the disposal of wastes are the
main cultural processes. The latter processes constitute about one tenth

the mobilization due to weathering.

Rivers are the major pathway, exceeding glacxers, in this respect, by
ten times and winds by one hundred times. It is very difficult to
measure the trace-clement composition of streams, owing to strong reglonal
and seasonal variations and to substantial cultural mobilizatiom via the
streams. At least five mechanisms operate in the transport of trace
elements by rivers. However, results for the very different Amazon and
Yukon rivers with respect to each of these mechanisms were surprisingly

similar.

Atmospheric transport is malnly through aerosols, of which sea salt
and continental dust are the main components (not necessarily together).
High temperature processes (vulcanism, combustion of fossil fuels and
production of cement in particular) contribute the more volatile metals to
the atmosphere, either as gases or small particles. The particles settle



into the sec or are washed into it by rain, snow, sleet etec. The
atmosphere tends to distribute its partictlate load rclatively rapidly
throughout iis main bulk, espacially within each of the main wind zones.

Direct input of metals from coastal outfalls iu populated regions is
oftrn significant (e.g. up to one quarter of all irputs into a given sea
area). Dumping can also be locally very importa.t.

Dr Mandelli described in some detail the fute of metals in the marine
environment, starting from their chemical speciation. Adsorption,
precipitation, colloidal flocculation and biological uptake remove metals
from the water gnd tend to transfer them to the sediments, but there is
algo some &ccumulation in the surface microlayer.

Biotransformation such as methylation and so-called redox reactions
catalyzed by enzymes in micro-organisms lead to detoxification of these
organisms, Marcury, tin, palladium, platinum, gold, thallium and argsenic
can all be methylated; lead, cadmium and zinc counot. Sea grass is an
effective methylator of wmercury.

Bioaccurmulation temporarily removes metals frem the water, and some
orgenisms may permanently fix some metal in their tissues. It was pointed
out that some metals may be pre-concontrated in orgamic snd inorganic
particulates that arc then ingested by organigma,

The effects of pollutants on marine biota were briefly discussed, both
primary {(=.5. contamination and alteration of behaviour) amnd secondary
(e.g. alterationp of the acosysten). Roferemce was also made to effacts
on fighorics and humam health.

Dr Mandelli closed by mentioning the basic requirements of wonitoring.

Discussion

A main concern was the behaviour of heavy matals in estuarine areas.
It was pointed out that there was a particular need for knowledge concerning
the gpeciation of heavy metal compounds and ions in water and sediments.
Thig was considered especially important in view of the fact that the
degree of toxicity of heavy rmctals is highly deperdent on their chemical
state. It was noted that little is known concerning the input of these
pollutants through the atmosphere. Although he did not identify &ny one
opecific element of special concerm in the wider Caribbeanm ares,
Dr Mandelli pointed out that pollution resulting from mining, such as that
for bauxite, should be given special consideration. He also indicated that
the main source of pollution by trace elements in the area was to be found
in domestic and industrial wasce waters. Regarding the choice of organisms
to be monitored for heavy metals and other potentially toxic oligo-elements,
it was noted that the larger sessile organisme were ganerally prefarrad for
monitoring purposes, and that the soft parts of such organisms were
generally to be preferred over the hard parts.



2.4 Dr Eugene Corcoran pregented a paper emtitled: "Pollution teae&:ph and

wonitoring for halogenated hydrocarbons and poa:;cidea . ‘

He noted that chlorinated hydrocatbonl‘ate one of the few kinds of N
substance that do not generally occur naturally. They are toxic in low
concentrations, have a global distribution, and cro extremsly persistent.
DDT is the oldest classic example. It hag bzen used in tha form of eprays,
liquids, aerosols and paints. Its value &8 an insecticide is well known;
its main defects are that it has lead to resistant incects and also kills
beneficial species. This lead to the use of other chlerimated hydrocarbons
or the invention of new ones. The most commonly used are: benzene
hexachloride, heptachlor, dieldrin, endrin, aldtin. methoxychlor, mirex and
chlordane.

Returning to DDT, Dr Corcoram described how DOT had affected many bird
populations, usually through eggshell thinning. Derivativas of DDT {c.g. DDE)
vere alsc implicated.

Endrin has been found responsible for fish kills.

The monitoting of rivers over a long tinme period has shown that dieldrim
and DDT and its related compounds are consxatently the dominant pesticidea
reported. Yet results also began to show in seversl wildlife specics that
the content of chlorinated hydrocarbons exceeded that ascribable to pesticides.
Thiz lead to the revelstion of polychlorinated bipheayls (PCBs), which hed
“zen hitherto obscured by the more familiar DDT compounds. PCBs are very
persistent and nearly insoluble in water; otherwvise they tend to follow the
pathways of DDT. PCDs preferentially accu=ulate in biocta amd sediments, amd

are widespread.

A gtudy of the Misosissippi discharge showed that most of the DDT in the
river water beccmes bound in the sedimemts, and omnly a part emters the Gulf of
Mexico. However, sediment-bound DDT can be remobilized by benthic orgsnisms,
by fishing or by other disturbances of the sediment. At the sea surface
chlorinated hydrocarbons con be comcentrated in elicks, affecting diving birds
or being vapourxzed into the air.

The residence time of most chlorinated hydrocarbons in the atmosphere is
now thought to be in the range of hours to days (e.g. 50 days) rather than
years, though it depends a lot on the molecular weight of a particular chemical.
Thus, the oceans are probably the main distributor of chlorinated hydrocarboms.

Some chlorinated hydrocarbons bioaccumulate; others do nmot, and much
more research on this question is needed. There remain also many problems of
sampling and analysis, recent developments, particularly in gas chromatography,
notvithstanding. It seems advisable to measure total chlorinated hydrocarbons
in environmental samples simnce all have some effect on organisms.

Niarunaainn
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The subsequent discussion made especially apparent the great difficulty
in carrying out reliable analyses for halogenated hydrocarbons. Discussion
indicated that while much is known regarding the pathways of these pollutants
from their points of production and use into the marine enviromment, further



study is required. "Regarding the safe disponal of halogenated hydro-
carbons, Dr Corcoran indicated that, although incineration has been
proposed, it was probably not as effective as dchalogenation since, in
the former, a large fraction of the pollutants was vapourized and
released into the atmosphere. Concern was also expressed about the
possibility of these compounds being co-distilled and concentrated in
drinking water produced in desalination plants in the region.

2.5 Dr Gunnar Kullenberg presented a paper entitled: "Pollutant transfer
and trangport in the sea". ‘

Dr Kullenberg, in perhaps the most technical of the lectures,
described the main physical processes by which contaminants are dispersed
(uniformly distributed) in sea water: transport, by advection (or
convection), causing a local change in concentration; and diffusion or
random local rearrangement of water and contaminant without net trauspor’
of the contaminant by the water. He distinguished between absolute
dispersion (that observed from a fixed point) and relative dispersion
(that observed from a moving point).

It is impossible to define completely the field of motion in any
substantial part of the sea, so average motion over appropriate time and
space scales must be used. The averages measure advection {or convection),
whereas the fluctuations about these averages measure the diffusion. The
choice of appropriate time and space scales is vital to the elucidation of
any given problem.

The physical dispersion of pollutants is influenced by such
environmental factors as: wind, surface waves; radiation (incoming and
outgoing), convection, evaporation and precipitation; sulinity,
temperature and density distributions; currents, tides and other
rotational effects, turbulence (in three dimensions) and internal waves.

Dr Kullenberg defined some commom scaling paremeters under the
concepts of boundary layers, turbulence and transfer coefficients. The
chemical effects of salimity and temperature, such as flocculation, which
can influence the gravitational settling velocity of solid material
contained in sevage sludge, were mot specifically discussed. It was only
mentioned that the settling velocity in the flocculated state is about
1l m./hr. Turbulent tramsport at the sea surface is an order of magnitude
greater, while vertical tramsport due to mixing in deep waters, in
stratified fjords and enclosed seas is similar or semewhat less than
gravitational settling valocity.

The difficulties of describing dispersion processes were emphasized,
it being possibie only to describe them approximately in a few gimple
situations. The sea can be considered under four zomes: the surface
layer, vhere atmospheric effecte dominate; the pvcnacline (tharmn- or
halo-) layer where bouyancy is a predominant factor; deep water where
internal waves are & dominant factor and turbulence is generally weak; and
the bottom water in which fruction with the sea floor is important.

Dr Kullenberg described the factors that would operate on & "cloud"
of pollutant at the sea-surface, first under the assumption of a



negligible velocity gradient in the horizontal current (im which case omly
motion of the water on a scale larger than the "cloud" will advect it), and,
gecond, under tke assumption of apprecisble vertical velocity gradiemt in
the horizontal current (in which case the combination of vertical miring
and velocity gradient will generate an appreciable apparent horizomtal
diffusion).

In many coastal and shallow areas tidal oscillations and local winds
are important energy sources. In such areas limits to the dispersion of
pollutants are often established fairly rapidly.

Strong vertical denmsity stratification-is the chief factor in
reducing turbulence, whereas wind stress on the sea surface (including wave
action) is the chief factor in promoting it. The depth of the mixed layer,
which reflects the opposition of these two factors, is often subject to
considerable seasonal variations. At the main demsity gradient (pycmocline)
bouyancy becomes the main force in determining vertical motion. Strong
turbulence above the pycnocline tends to entrain water from below (i.e.
erodes the pycnocline) usually but not necessarily decreasing the
concentration of a contaminant in the upper mixed layer. Where two (or
more) marxed pycnoclines occur pollutants may become trapped between them
and remain there for considerable periods of time.

Discussion

The question of the transfer of poliutants across the pycmoclinme in
the Caribbean and adjacent regions was identified as one of special concern.
It was noted that these waters were permanently stratified and that under
these conditions pollutants introduced into the upper mixed layer would tend
to stay there rather than be mixed into deeper waters. Another mechanism
of trapping identified as potentially important to the Caribbean area was
that brought about by coastal upwelling which could cause dangerous
concentrations of pollutants discharged into thesc waters. The matter of
sewage disposal into ocean waters was given ample comsideration. It wes
noted that dischaqging into predetermined subsurface layers could renove
sewage from sight, but such discharge was probably inadvisable since the
sewage could Lecome entrapped in these layers and adversely affect

biological processes.

2.6 Mr Alfonso Vazquez Botello presented a paper emtitled: "Pollution
research and monitoring for hydrocarbons: present status of the
studies on petroleum contamination in the Gulf of Mexico".

Mr Vazquez Botello summarized the available information on current
research in petroleum hydrocarbons in the Gulf of Mexico. There are two
main groups of hydrocarbons in the water: those of low molecular weight
(1-10 carbon atoms) and those of high molecular weight (11 or more carbon
atoms). Methane predominates in the first group and is of biogenic
origin. The water concentration is about 35 mg./1., followed by those of
sthene {6 g./l1.) and propeme (2.6 4g./i.). Some coastal areas of Texas
gave very much higher (up to six orders of magnitude) values than open-—
ocean waters. The main cause is believed to be petroleum production at

offshore drilling sites.
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" The hxgher molecular weight hydrocatbona are divided 1nto thoge in
a partlculate state, such as pelagxc, littoral and abyssal tars, and
those dissolved in the water. Pelaglc tars are particularly important
in the Gulf; their main sources are tanker and drilling operations.
The comparntlvely weak circulation in the central and western ‘parts’ of
the Gulf maintains relatively high concentrations. Disgsolved high—
moleculat-wexght hydrocarbons are strongly concentrated in the surface
microlayer.

Hydrocarbon (fossxl plus biogenic) concentracions in the sediments
vary wxdelv from 12 ppt in highiy polluted coastal areas to lecs than
100 ppm in unpolluted areas. Information is limited.

Whereas the information on hydrocarbons in sediments is aparse,
that on tydrocarbons in marine. organisms is even more s0. Many marine
organisas make thexr own hydrocarbons, obtain ther: from trair food or
convert precursor compounds obtained from their food. Certain’
organisms, such as benthic algae and sea grasses, from coastal areas of
the Gulf of Mexico, have been analyzed for alkane comtent, and the hydro-
carbon content of plankton and certain 1nvertebrates from the vegion has' '
been determined. Studies on effects of fossil hydrocarbons on the
Principle biological processes are now being made.

Discussion

It vas noted that a major priority was the development of analytxcal
techn1quea for assessing pollution loads which could be reliable and give
reproducible reguits. Some techn1ques that have limited success,
including fluorescence spectroscopy, isotopic ratio analysis and chromato-
graphic finger-printing were mentioned. In this context, the necessity
of bexng able to distinguish between natural hydrocarbono in the
environment and those released by man was givem high priority. Specxal
mention was also made of the deleterious effect of detergents used in
dispersing oil spillc. It was noted that this practice had been
discontinued in the Gulf of Mexico for this reasonm.

2,7 Dr Eric Mood presented a paper entitled: "Health aspects of coastal .
water pollution".

Numerous outbreaks of bacterial and viral infections have been
traced to the consumption of raw or inadequately cooked molluscan. shell-
fish, particularly clams, oysters and mussels taken from coastal waters
polluted by untreated domestic sewage. Typhoid, paratyphoid and
infectious hepatitis are the commonest of the diseasas. Dr Mood gave
several examples of such occurrences. In some cases absolute proof was
not obtained but the circumstantial epidemiological evidence was strong.
The difficulty lies in isolating the infective organism (particularly the
virus of hepatitis) from the shellfish.

'Paralytic shellfish poisoning from the consumption of raw ciams and
mussels arises fyrom toxin from dinoflagellates consumed by the shellfish.
Sometimes the rapid multiplication of these organisms is due to sewage

discharge.
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Bacterial infections predominate in disecases from cating - - .
contaminated fish and.shellfish. Howevor, there is little evidemce to
link figh~borne infections to pollution of coastal waters. - For exemple,
Vibrio parahemolytxcus, the csusative agent of over 50% of all food-
borne diseases in Japan, is found in seawater and bottom sedxments in -
unpolluted as well as polluted watere. ' . -

Mercuty poisoning follows from a complex process: metallic
mercury (pr its salts)is discharged into the water.and is methylated
mainly in the sedimonts of the water body. Methylmercury is easily
assimilated by fish and other organisms and when these are eaten by man,
poisoning is likely to result, especielly since methylmercury is only
very slowly eliminated. Some sea grasses are now kmown to be active
methylators of mercury. - : ' ‘

Other metals may be concentrated, possibly by similar processes,
making potential hazards to human health,

Persistent chemicals (c.g. pestxcxdes and industrial halogenated
hydrocarbons) are accumulatc:] by some organisms and, if consumed in
sufficient quantitiesz by man, may give rise to chtonic toxicity in man.
However, for too little is known of this. Polychlorinated biphenyl
has carginogenic properties and is therefore a potential hazard to human
health.

0il in organisms does not usually intoxicate humen beings, but does
taint food and may ptejudice the essential diet of gome human populations.

" Theve is p;ouably some nazaru, due ©o iafeciious orgenlsms, to numan
beings who swim in seawater into which untreated cewage is discharged.
The factual evidence is scarce but inferential epldemxologxcul evidence
is stronger. Typhoid outbreaks have been thus ascribed in certain cases.
Infections of the eyes, ears, nose and throat are commomest, followed by
gastro-xntestxnal disturbances. They occur significantly more often in
swimmers than in non-swimmers using polluted bathing areas. However,
there is a lack of standardization in studies of this kind making it
difficult to pool data. :

Dr Mood emphasized also that visible beach pollution could be
detrimental to & semse of well-being. - There might also be a yutential
hazard from thermal discharge.

He then proposed a few basic criteria of coastal water quality.
Discussion

The main difficulty of establishing adequate water quality standards
was the main subject of discussion. With respect of bacterial
contamination, it was noted that Escherischia coli counts alone were
totally inadequate. Dr Mood stated that such mumbers could he uceful
only if accompanied by data on environmental parameters affectxng the
survival of pathogens. . In reference to sewage treatmemt, it was noted
that criteria for adequate treatment should be set with a view to the
particular conditions prevailing in the area in question.
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2.8 Mr Lennou Ballah presented a paper entitled: *Political aapecté of
marine pollution and development of political awvareness of marine
pollutxon problems A ,

Mr Bnllah observed that. the third U.N. Conference.on the Law of the

Sea had sharply focussed the political aspects of marine pollution.
Policy decisions with respect to marine pollution must reflect scientific
and technological realities; these decisions must not be piecemeal.
Pollution control is required because.pollution, far from being a product
of development, is an obstacle to development in its fullest sense.
Pollution is a product of ill-conceived development. There is therefore
a great neced to develop political awareness of pollution problems.

Knowledge and information about marine pollution derived from
continuing scientific research and monitoring must be put into the
decision-making process. Politicians must be given facts.

The process of economic development is largely the process of
utilizing more and more energy to.increase human productivity.  The
waste from human production pollutes the human environment. The great
dilemma is how to develop without polluting. No country is likely to
hold up its development until a solution is found. There are even casges
where a highly polluting industrial activity is adopted by a developing
country after it has been banned in a developed country in which it war
formerly used.

Mr Ballah then addressed the question of pollution and innocent
passage. Some states may eventually not allow innocent passage through

safety standards. It is o question of whether a real risk of pollution
from a ghip in tramsit is or is not prejudicial to the peace, good order
or security of the coastal state. In some cases it may be a question of
whether control of pollution (or potemtially polluting) ships is
comprised by the enforcement of sanitary regulations. The main
difficulty lies in defining 'innocent’ in this context and whether an act
of pollution need only be wilful as a ground for preventing imnocent
passage.

Wider problems arise whenever a state has established an exclusive
economic zone (EEC; usually out to 200 miles from the coastal baseline).
Mainly with a view to protecting living resources, many countries would
like to extend their control over potential pollutxon sources to the
whole of the EEC. : -

A particular difficulty arises as to who should have the juris-
diction over a cargo vessel or oil tanker: the flag state of the vessel,
or the coastal state in whose waters the vessel may be travelling when it
causes poliution. Hitherto, flag states have predominated.

The root of many of the difficulties ig whether the open-ocean
belongs to everyone or to no—-one. Historically, the latter view has
prevailed and has been taken advantage of by polluters who consider they
are answerable to no-one. This view has been formally challenged in the

UN.



- 13 -

The situation regardxng responaibxlity ‘and lihbility for marine
pollutxon is also unclear, and a very dxfficult areu of . xnternatxonal
maritime law.

Mr Ballah cloaed with the question of’ developlng public awareness.
To be informed is to ‘be aware. Such information most be presented to
the public in an apprOprxate way at -all levels. Often the difficulty is
to ectablish in the yublic’s mind thé connection between the sources of
pollutants in one place (on land, for ekample) and the effects in another
(out at sea, for example). -The public must be moved by the facts to
demand action. Preservation of the marine envirooment must become a -
primary national objective. The greatest impact on the public can
probably be made through the young before they form life-long habits.
All types of communxcatxons ‘media should be usec. '

And the establxshment and development of merine scient1f1c research
and monitoring programmes must underlie ‘all these activities.

There was no discussion on this paper.

Plenary debates

3.1 Regional marine pollution problems . . ;

The Chairman invited the participanis to address themseives to the
pollution problems of the area, taking care to follow the guidelines in
the annotated agenda. ' He reconmended that two major aspects be held in
mind: that of pollutants that are dispersed through the region and that
of pollutdnts that are restricted to gpecific areas but are common. €O
many countries in the region. The participants were algo asked to keep
in mind the review of major pollution problcms in the region which was
prepared by FAO using information provided by the governments of the
region. Dr Wenblad made a brief presentation of this review.

The following pollution problems were considered to be of gravest
concern: petroleum hydrocarbons, heavy metals, halogenated hydrocarbons,
pesticides, sewage, suspended artificia) particulate pollutants, such as
asbestos and red muds, solid plas€ic wastes, fresh water intrusionm,
effluents from milk and meat processing, and changes in water regimes
caused by the installation of power plants and other engineering works in
the coastal area. It was made clear that the pollution problem of
gravest concern was that caused by the release of petroleum hydrocarbons

into the marine environment.

The special situation of the eastern Caribbean islands was mentioned.
These islands are bathed directly by the Atlantic Ocean and therefore
receive directly the pollutants therein. At the same time their capacity
for dealxng with such pollu;;on problems (particularly those due to oil) is

sCili small.

Discussions then turned towards the general approach that should be
used. It was pointed out that governments should be approached with
statements of the probable economic impact of the different pollution
problems. It was also noted that the loading capacity of especially
fragile zones such as coastal lagoons, estuaries, mangroves, coral reefs
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and river deltas chould be well studied. In thig monner, the relative
vulnerability of different ecosystems could be establighed and -the
adverse effects of pollution could be minimised.

Dr Luis Garcia pointed out that the quantity and seasonal variation
of rzainfall in the Central American isthmuc depends largely-on the
moisture carried inland by the northeast trade winds. It is believed
that the major moisture source is the Caribbean sea. Subgtances, such
as hydrocarbons, that form thin layers on the water surface might
interfere with the evaporation process and thus alter this ocean-
atmosphere balance. The Workshop recognized the need to study this
potentially serious problem.

The Workshop also recognized the need for contingency arrangements
in the region for dealing with massive oil spills, particularly with
regard to the development of mathods for dealing with oil spills, to the
availability of equipment and materials, to co-operative arrangements and
to the training of personnel.

Throughout these discussions, repeated reference was made to the
urgent need for training, education and mutual assistance (see section
3.3).

3.2 Proposals for regional research and wonitoring progremmes

In consideration of the priorities.and approaches expressed, it was
decided to treat the problem of petroleum poliution in plensary and then
to divide the Workshop into three working groups to treat three sets.of
problemg: (1) Health aspects of marine pollution; (2) Coastal processes
related to the transfer and mixing of pollutants; (3) Effeccts of marine
pollution on living resources, Mr Arthur Archer, Lt. Rafael Steer and
Dr Barry Wade acted as chairmen of these three working groups respectively.

The Workshop proposed seven projects: the project on oil was
accorded overall priority. The working group on health aspects of marine
pollution proposed one project; the working group on coastal processes
related to marine pollucion propogsed two projects, without giving either
priority; and the working group on effects of marine pollution on living
resources proposed three projects, arranged in order of priority.

OIL POLLUTION

In the discussions on 0il pollution, it was made clear that
scientific studies should provide knowledge concerning the sources, fate
and effects of petroleum released in the Caribbeean area. The need to
establish the secondary effects caused by different oil pollution
combatting procedures was also mentioned.

Mr Alfonso Vazquez Botello was invited to chair a drafting group to
draw up a proposal for joint activities related to this topic, keeping in
mind the concerns and ideas expregssed during the plenary debates.

The following proposal was adopted by the Workshop.



Title of project

Souroes;.effecto and fates of petroleun and petroleum products
in the Caribbean, Gulf of Mexico and adjacent regiouns. :

»

Background and justification

The preservation of the quality of the marine emviroament is of
vital importance to the countries in this ares, bacause the sea as &
natural resource is of paramount importance to tourism, recreation and
the provision of food. ©On the other hand, this vegion is also an ares
of high oil production and transportation, there are few data on_the
qualitative, economic and productive impacts that oil pollution hae on
thege natural resources. :

Objectives

Short-term objectives

(a) To undertake baseline studies to determine the present state of oil
pollution in marine and estuarine organisms, in coastal areas,
including the shoreline, water column and ocean floor, end in
recent sediments.

(b) To 1nvestxgate the ecological cffects of oil pollution on mnrine and
estuarine communities of biological importance.

cal systems that are mogt vulnetable to

ollution.

(d) To supply the necessary scientific basis for formulating comprehensive
regional contingency plans to cope with oil spills.

Long-term objectives

(a) To identify, qualitatively and quantitatively, the main pathways of
petroleum hydrocarbons into the Caribbean, Gulf of Mexicu and adjacent

regions.

(b) To assess the effects of oil pollution on coastal and marine
resources such as exploited fish stocks, recreation, tourism ete.

(c) To investigate the physical, chemical and biological fate of oil in
the marine environment.

(d) To examine critically the use of oil dispersants.

HEALTH ASPECTS OF MARINE POLLUTION

4 wide range of poilutants that are known to enter the Caribbean
marine enviromment were considered and those that were not related to
known diseases in man were eliminated from consideration. Similarly
eliminated were pollutants such as PCBs and radioactive wastes where
either epidemiological records do not support a causal hypothesxs or
specxfxc digease, or where no considerable industry is present in the
region to pose a marine waste disposal problem.
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‘ The remaining pollutants affecting man in the region were examined
and it was determined that pathogens were the most common pollutants and
cause of infection in man through the ingestion of infected seafood or
oral intake of infected water during sea bathing.
b

The probability of man bio-accumulating certain.pesticides and heavy
metals was also considered. It was felt, however, that without reliable
epidemiological information on illness due to such bio~accumulation,
undertaking large-scale measures for identifying specific pollutants
and recommending control guidelines was neither justifiable nor
economically feasible at this time. :

The project given below was selected because of its.relevance and
importance to all countries in the region. Several.aspects of the project
were discussed:

(a) collection of data pertaining to marine pollution and enteric illnesses,
particularly those resulting from the consumption of infected shellfish;

(b) the infrastructural, equipmeant, and manpower requirements for the
surveillance, analysis, reporting and administrative components of the

project;

(c) the monitoring, surveillance, and laboratory examination programmes
required for determinations of the quality of marine bathing waters
and areas where aquaculture is practised; and

(d) the need for .the development of regional recommendations to
governmente on guidelines for improvement of treatment and disposal of
sewage and industrial wastes.

To achieve the desired measure of success in a regional project of the:
kind proposed, it was agreed that, because of the vast marine area
involved, and the complexity of meteorological and oceanographic
conditions that influence the fate of sewage and industrial wastes
discharged into the ocean, complementary sub-regiocnal projects will become
necessary.

Title of project

Health aspects of the disposal of human wastes into the marine
environment.

Background and justification

In the Caribbean region, where the economies of many territories
depend heavily on tourism, there is considerable potential for the
importation and exchange of pathogenic agents.

There is little available epidemiological information and fouw
statistics in the region to quantify the occurrence of disease due to
infectious organisms in marine water. But the fact that past medical
research has identified the existence and persistence of certain disease
organisms in sea water - for example Vibrio cholerae and Salmonella -
warrants the treatment and disposal of human wastes in a manner conducive
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to the prevention of digsease, to the maintenance of the acsthetics of
the coastal enviromment, and to the mental well-being of mon.

In the Caribbean where the discharges of heavy matals, halogenated
hydrocarbons and PCB's in the marine environment ore limited in frequency
and magnitude, sewage that has been inadequately treated and discharged
in the ocean is the principal threat to man's health.

Objectives

Short-term objectives

(a) Assessment of the existing sanitary quality of coastal marine water
throughout the Caribbean region.

(b) The estahlishment of a data bank that may be used for follow—up
action and future studies.

(c) The strengthening of the national institutions that would be
participating in this programme.

Long-term objectives

(a) Reduction of health risks associated with bathing in marine water
and with eating shellfigch and other sea-food.

(b) The general improvement in public health.
COASTAL PROCESSES RELATED TO THE TRANSFER AND MIXING OF CONTAMIHANTS

Two areas of interest were 1dent1f1ed based on comsiderations of
size and geography.

The circulation of water masses was discussed, but without
emphasizing any particular pollutant, the water masses being regmtded as
the agents of transport of the pollutants,

A project on the coastal zone was agreed upon. The term ‘coastal
zone' was understood to include estuaries, lagoons, bays and rivers,
although it was agreed that every river has an estuary. Although it
was recognized that any given study would only deal with a specific
limited area, it was expected that several similar studies would be carried
out in a large number of such areas within a regional framew:s&.

A second project on medium-scale eddy circulation was ..lso agreed
upon, It was recognized that a lot was already known about the large-
scale circulation, although further study was required.

Benring in mind that in coastal regions the large-scale circulation
giveg rige to medium-geale eddieg about which not very much is known, and

given that most pollutants are discharged into the water over the
continental shelf, it was felt that a project on these eddies was

required.



Title of project

Invéstigatibn of the hydrological regiﬁe as it‘affeété the
transport and fate of pollutants in coastal lagoons and estuaries.

Background and justification

Coastal lagoons and estuaries constitute the transition between the
fresh water and the marine environments. Both possess the most
productive tropical ecosystems, and are the habitat, breeding grounds ard
nursery areas of a large number of species of fish and shellfish, many of
which migrate from the one environment to the other.

Further, estuaries and coastal lagoons are very sensitive to changes
caused by the activities of man, such as the modifications in the water
discharge, land reclemation, dredging of inlets, as well as the
introduction of industrial, agricultural and domestic pollutants and
wastes. Therefore a knowledge of the hydrological regime is of
fundamental importance to understanding the transport and renewal
processes that take place in coastal lagoons and estuaries.

Objectives

Short-term objectives

(a) To assesg the exchange rate of water, suspended matter and
sediments between the different areas of the system, as well as
across its boundaries.

(t) To study the main factors determining the flux of pollutants
between the estuaries and the open sea.

(c) To promote standard methodology for investigations of the hydro-
logical regimes of coastal lagoons and estuaries.

Long-term objectives

(a) To provide information on factors affecting the distribution,
transport and fate of pollutants in coastal lagoons and estuaries.

(b) To determine the flux of pollutants between the estuaries and the
open sea.

(c) To provide basic information for the rational use and management
of the coastal environment.

Title of project

t of medium—gcale eddies on the transfer and mixing of

Background and justification

The main circulation pattern in the Caribbean regionm has been fairly
well studied and the gross patterns are known. These studies have shown
that medium-scale eddies are detached from the large-scale circulation and
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appear to be trapped along coastal regions. Such eddies exnist, for
example, in the western and southwestern parts of the Caribbean as well

as in the Gulf of Mexico. _ .

The structure of these eddies, their persistence and renewal, and
their possible trapping effect on, and transport of, pollutants is not
known. The eddies border the coasts and could very well be confined by
the coastal features and trpography; they are also affected to some
extent by conditions, such as precipitation. The eddies border several
countries and the proposed studies will require international co-operation.
A common methodology should be developed and equipment and personnel
resources may have to be pooled.

OLjectives

Short-term objectives

(a) To determine the persistence and the rate of renewal of the main
eddies, and the time and space scala2s of these processes.

(b) To determine the generating mechanisms, the types of motion in the
eddies and mixing conditions therein.

(c) To determine the variability of the eddies due to seasonal and
climatic factors.

(d) To establish a common procedure and methodelogy for such types of
studies.

Long-term objectives

(a) To contribute to a better knowledge of the general conditions and
circulation in the Caribbean region, as related to pathways,
distribution and dispersion of pollutants.

(b) To identify particularly critical areas and specific regional
problems related to these eddies.

EFFECTS OF MARINE POLLUTION ON LIVING RESOURCES

As a basis for identifying the problems related to the possible
effect of pollutants on living marine resources in ‘the Caribbean region,
information on present knowledge - particularly on fish and shellfish
stocks - was exchanged, and it was concluded that proposals for projects
were mainly governed by our limited knowledge of tropical ecosystems and
the pollutants that affect them., The limited available resources were

also borne in mind.

At first six possible projects were considered. From these three
broader, more fiexibie projects were selected to take account of the
priority problems of the countries in the region.

A project on the effects of pollutants on tropical ecosystems was
accepted without major controversy.
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: A second prOJecZ‘on regional bagseline and monitoring studies of
persistent chemicals in the Caribbean and Gulf of Mexico was dlso adopted.
However. Dr Kullenberg expressed concern regarding the use of the term

"monitoring"”. While agreeing on the need for data on the concentrations
of persistent chemicals, he felt that only on the basis of a first
assessment of the distribution and concentration of pollutants (baseline
study) can it be decided whether monitoring is required, and, if so, a
reasonabie monitoring system should be designed. Experience from other
parts of the world clearly shows the need for a baseline study that
includes 1nterc811btation exercigses before monitoring is initiated.

A prOJect on controlled experiments on the effect of pollutants on
trop;eal marine organisms at the community level was discussed. This
project gave rise to considerable controversy, in the light of the results
of experiments such as CEPEX.¥® It was felt that such programmes are
costly and the results are difficult to interpret. Some participants felt
that this project could be incorporated in the first project mentioned
above, as a means of understanding the actual state of tropical ecosystems

in the area,

Eventually all three projects were approved.

Title of project

Effects of pollutants, especially those from domestic and industrial
sewage, on tropical ecosystems of economic importance.

Background and justification

Changes of environmental variables and the introduction of certain
substances into the marine waters can have serious adverse effects on the
biota. Knowledge of effects of various pollutants on marine organisms and
populat1ons is, however, mainly restricted to the temperate areas. Taking
into account that this knowledge of d1fferent environmental conditions
cannot readily necessar11y be easily applied to tropical ecosystems,
Considering the scarcity of knowledge of the tropical areas, studies on the
effects of pollutants on locally or regionally important ecosystems are

essential.

Objectives

Short—~term objectives

(@) To identify the critical pollutants threatening important tropical
ecosystems, such as mangrove swamps, coral reefs,.etc.

* CEPEX "involves trapping water and natural communities in large
plastic enclosures (10m. in diameter by 30m. deep) and assessing
the effects of added pollutants on marine ecosystems - the long-
term effects influencing the stability of marine populations.”
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(b) To obtain baseline data onthe nature and level of pollutIOn in-.
these 1mportant tropical ccoayatems.

(c) Through bicassays and toxicity tests to determine lethal levels
and sublethal effects of certain pollutants on locally or
reglonally 1mportant specxes., .

(d) Through collaboratxon of 1nst1tutes in a network to provxde for
exchange and intercomparison of results and methods.

Long~term objectives

To provide a better understanding of the effects of certain pollutants
on marine organisms and their polulations and ecosystems through
laboratory and field experiments, and through observations of long-
term effects of potential pollutants and their transformation
products. The project will ultimately enable countries to improve
mechanisms for establishing water quality criteria.

Title of project

Baseline and monitoring studies of persistent chemicals in the
Caribbean, Gulf of Mexico and adjacent regions.

Background and justification

The deleterious effects of certain persistent chemicals on marine
organisms has been demonstrated. Unfortunately population pressures and
‘agrarian economies of many Caribbean countries result in continued use of
these materials which eventually find their way to the sea in large
quantities. They are transported either absorbed on the suspended load
(e.g. D.D.T. and its metabolites, PCB's, Mirex) or in the dissolved phase
(e.g. Endrin, Aldrin and its hydrolyt1c pt¢ wuct Dieldrin). Eventually
these materials are incorporated in marine organisms - especially plankton,
benthic and pelagic fauna and sea birds. A clear need for monitoring
persigtent chemicals exists. Specific chemicals should be chosen for
monitoring on the basis of what can be learned about their regional
production and use. The results of such a programme would be available
to governmental and intergovernmental agencies for use in the management
and regulation of such chemicals. As development in the Caribbean and
northern South America (especially in the Amazon, Orinoco and Magdelena
river drainage basinc) increases inputs of these materials, the need for
such regulation will increase.

Objectives

Short-term objectives

To establish a network of monitoring stations on a sound scientific
bagig, Thig netuorl chould include river ""3&‘.9!‘3, coagtal
stations, island stations and open—ocean stations (e.g. a station in
the Guyana current, the eastern Caribbean, the western Caribbean, the
straits of Yucatan, the eastern and western Gulf of Mexico and the

st;aits of Florida).
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(a) To develop a network of mou;tor;ng capabxlitiea in the countrles
. of ‘the regiobn to msuitor levels 'of 'gpecific’ petaiatent -chemicals
4in the dissolved ‘and cuspended lodd of mearshore and -open-ocean.
waiers as well as in commercial catches of marine organisms and:
specific sea-bird populations end their eggs (e.g. thoae on Las
Islas de 1os Aves and La Isla de Avea) o i
L e , _
(h) To mnke avsxlable the information obtaxned from this monxtorxng co
both regional states and intergovernmental agencies for theiw use
in recomménding and establishing regulatory measures.

‘.‘:"ﬁ y

Title of pro;ect

Contrallad experxmants on the effects of p011utants on ttopxcal
marine organisms and ecological communxtzes.

Backpround and Justlficatlon '

Recent bibliographies show that our krowledge about the lethal and
sub-lethal effects of pollutants upon the marine environment iz almost
exclusively based upon investigations in tewperate waters. Rasults from
the Controlled Ecosystem Pallution Experiment (CEPEX)*®, Saanich Inlet,
Vancouver Islznd (Canaoda) prove that the inter-relationships of organisms

and the pollutants and their pathways within the ecosystem comstitute &

far more diff'cult problem than canm be assegsed.by lsboratory assays, and
it is certairly one for whi-h there is o great need of scientific
information. In view of the fast-inecressisg pollution of tropical waters
and the limitations of laboratory imvestigationms im tha ctudy of offects, a
CEPEX type of enperiment should be cet vp as coom as pogsible in a tropical
eite. The greater Caribbean region appears at present to be the most
promising tropical area where a CEPEXK~iype experiment covid be successfully

carried out.

Object{ves
Short-term objectives

(a) To assess the effects of added pollutants (including heat, hypo- and
hyper-saline water) on natural populations of tropical marine
orgenisms in controlled experimemntal ecosystems (i.e. in CEPEX-type
enclosures). :

(b) To activeiy involve, and hence train, students and scientists from
the Caribbean and adjacent regions in the basic as well as more
advanced chemical and biological investigations that comprise a
CEPEX~-type experiment in tropical waters.

R —————————

* CEPEX - See footnote on page 20.



Long~term objectives

To. provide an-understanding of the effects of pollutants on the
tropical marine environment so that long-term threats to this
environment perceived through doubtful extrapolations of data from
experiments in temperate waters could be properly agsecced.

- 3.3 Training, educat;on and mutual assistance

. . Frp : Y A ' T P, .
The Workshop, in proposxng the above-mentxoned ptojects. recognized
that training, education and mutual assistance were the most important
elements, together with the development of approptxate and atandatdized
samplxng and analytical methods for the region. However, to avoid
repetition, they werse not included in the obJectlves of each. ptOJect

description.

In the discussion it was repeatedly emphasized that (1) training and
education should be carried out within the region, rather than at¢ extra-
regional institutions, in order to guarantee that the pergonnel involved be
expoged to the problems and needs of the region, and (2) training and
education be problem- and project-oriented. Mention was made of the need
for field training, especially on board appropriate research vessels.
Other specific needs mentioned were: basic training in techniques of
monitoring temperature, dissolved oxygen, for example; training in sewage
and industrial waste-water treatment processes; and basic training in
marine ecology. I¢ was noted that, in order to achieve the long-term
objectives of the proposed pro;ects, it would also be necessary to provide
broad-based advanced education in marine sciences.

Among the specific opportunities for training and educatiomn, the
following were mentioned: the University of Puerto Rlco School of Public
Health, the facilities of the Universidad Nacional Autonoma de Mexico,
various ingtitutions in Venezuela and Jamaica, the Bellairs Research
Ingtitute of McGill University in Barbados, and the University of Miami.
Reference was again mace to the proposed IMCO/UNEP course on oil pollution.
Concern was expressed regarding the status of the UNDP-supporied programie
at the Universidad Nacional Autonoma de Mexico, which has in the past

proved to be so fruitful,

It was pointed out that, in assessing needs specific to marine
pollution problems in the region, particular atteantion should be paid to
the report of the First ad hoc TEMA meeting (doc. IOC/TEMA-CARIB-I/3),

Mexico City, Mexico, 10-12 April 1975.

The Workshop called on the govermmants of the region that were
interested to participate in ths proposed pilot projects should they
eventusliy be approved by them, to identify their treining and technical
assistence needs relevent to the proposed projects and to communicate
thece to the sponsoring agencies of tha Workshoo.

3.4 Data handling

Existing data handling systems were generally considered to be adequate
for the needs of the region. Mention was made of World Oceanogtaphxc Data
Centres A and B and of the Centro Colombiano de Datos Oceanograficos.

Mention was also made of the Epidemiology Data Centre of the World Health
Organization. In this respect, it was also noted that pollution data might
not be adequately handled by oceanographic data centres.



3.5 Information retrieval -

Although it was generally recognized that geveral information
retrieval systems existed, the general feeling was that the greatest need
was for the strengthening of library and information facilities at the
actual institutions whete research was being carried out. A strong case
was made for the ugsefulness of abstracts and content listings. Among
those mentioned were: the FAO-UNESCO Marine 8cience Contents Table,
Pollution Abstracts, Deep~Sea Research and Oceanographic Abstracts, Current
Contents, Aquatic Science and Fishery Abstracts, and the US an;ronmental
Protection Agency Newsletter.  Special mention was made of the Guide to'-
International Marine Environmental Services which was distributed to
participants in the Workshop. Among the institutions that might possibly
prove to be useful in this respect, mention was made of the Marine
Pollution Documentation Centre of the UK Marine Biological Association in
Plymouth, England, and of the facilities at the Universidad de Oriente,
Instituto Oceanografico in Cumana, Venezuela. Tt was also pointed out
that IOCARIBE would retain a consultant in 1977 to determine the needs for
documentation in the region with respect to the activities of this body.

The Workshop, in a general discussion of items 3.3, 3.4 and 3.5,
placed special emphasis on thc need to reinforce existing institutions, and
on the importance of avoiding the establishment of costly new institutionms
towards which funds could be diverted and to which regicnal experts might
migrate, to the detriment of the developing countries of the region.

Adoption of the report

The Workshop adopted the summary report of its deliberations.
llowever, it was requested that the basic texts of the invited lectures and
three information documents be included as annexes. Since the wish was
also expressed that the Workshop report be speedily puhlthod, which would
not be possible with several large annexes, the sponsoring organxzntxonq
agreed to look into the possibility of presenting these annexes in the form
of a supplement which could be distributed later than the report itself.

Closure of the Workshop

In closing the Workshop the Chairman, Professor Julian Kenny, thanked
the participants for their co—operatlon and active participation. He
expressed the hope that the Workshop's proposals would be speedily put
before the national authorities and be expeditiously implemented.

Mr Raymond Griffiths, on behalf of the sponsoring organizations, thanked
the Chairman for his conduct of the Workshop, and thanked the Secretary-
Ceneral of the Trinidad and Tobago National Commission for Unesco for
providing the local services.

The Workshop was closed at 16.00 hrs., 17 December 1976.
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AGENDA

1. Opening of Workshop: Welcoming addressez; installation of Chairman;
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monitored.
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4. Adoption of the report.

5. Closure of the Workshop.
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IGTRODUCTION

The Internctionn) Workshop on Marine Pollution in the Caribbean and
Adjacent Rogions was held in Port—of-8pain, Trimided & Tobago, from 13 to
17 Decexber 1976 under the sponsorship of the Intergoveramentel
Oceanographic Coemission, the Food and Agriculture Orgenisation of the
United Botions (through its Yestern Cemtral Atlantic Pishery Cozmission),
end the United Hetions Enviromnent Programme.

Right invited lecturas wore given at the Workshop so as to provide a
cozmon framevork for discussion amongst the participanta, who vers mainly,
but Dot entirely, scientists actively studying marine pollution problems in
the rogion. The murine acience infrastructure in the Caribbean region is
not yet strong and it was not possible to ensure the participstion of
marine pollution experts from all the countries of the region. In some
cases technical people concerned indirectly with marine pollution,
particularly fiabery experts, vere invited.

The report of the Workshop (IOC Workehop report no.ll) has been
published seperately and previously, in respomse to a request from the
participants that it should be issued @8s soon as poasible. At the same
time, the participants wished to have the texts (or extended abstracts) of
the eight lectures, as well as those of two information papera, also
published. S8ince this would have delayed the publication of the report,
the texte of the lectures and information papors have been published in the
present supplement.

A1l invited participants, including the lecturers, took port in the

Horkahop im their individusl sepacity as erperts in morine nollution or

reloted fields.

In collecting these information papers and lectures in a supplexent,
some editorial changes have been made to provide a greater degree of
mniformity of atyle and presentation, and to take account of the fact that
they were prepared seversl wonths ago, before the Workshop, but are now
being published after the Workshop.



PRELIMIHARY REVIEW OF PROBLEMS OF MARINE
_ POLLUTTON Iif THE CARIBEEAN AND ADJACENT REGIONS

- This information paper was prepared by
" PAO. IOC/PAO marime pollution
questionnaires answered by Member States
were the main cource of information for
this paper.

The designations employed and the prosentation of material in this
publication do not imply the expression of any opinion vhatsoever on the
part of the Pood and Agriculture Organization of the United Raticns
concerning the legal status of any country, territory, city or area or of
its cuthorities, or concerning the delimitatiom of its frontiers or
boundﬂrieﬂo
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The Imarmtional co-ordmation Group (IC0) for the co-operatm.ve
Invegtigations of the Ceribbean and Adjaceat Reg;ona (CICAR) at ite sixkth
gsession in Cartagens, Colombia, in 1973 noted the increasing concern
about marine pollution matters in the CICAR area. The mecting thorefore
recoxnondad that FAO and IOC immedictely tske the necessary asteps to .
obtain from countries in the CICAR area the basic m;omtion nueded +o
hold a workshop on marine pollution.

A questionasire on marine pollmtion in the Caribbean ragion vas
gent out by IOC in April 1974 to member countries of CICAR and by FAO to
mambor countries of FAO not members of CICAR, and the Operations Co-
ordinntor of CICAR visited the CICAR member countnen to obtu.m udduuonnl
informetion on marine polltxb:.on in ‘the region.

At the seventh scssion of the ICG for CICAR (Mexice, April 1975), it
was recognized theu the response to the questionnaires, so. far, was
unaatut’actory. Neverthsless, the CICAR Hationel Co-ordinatore were of
the opinion that there existed a distimct urgency regarding marine
pollution problems in the CICAR area, and therefore recoamended that the
UYorkshop on marine pollution be convened in 1976. A Steering Committee
vas established to orgenize the "International Workshop on Marine
Pollution in the Caribbean and Adjacent Regions"; the Copmittee first met
in Trinidad in October 1975.

The Western Central Atlantic Fishery Co=mission (WECAFC) of FAO
recognized at its first session in Trinidad (October 1975) the importence
of this Workshop, and agreed tuat it should be a joint WECAFC/CICAR effort.
The United Hotioms Environment Progremme (UDEP) agreod to co-spongsor and
finoneially cupport the Workshop, and the Govermment of Trinidad and Tobago
gonerously offered to host it.

The present report is & preliminary one. Ong:um.lly it vas intended
to prepare a more complete review of the atate of marine pollution, &s vas
done for the two interpational workshops on marine pollution that were
organized by IOC, FAO and USEP for the Mediterrsnean Sea (Monsaco, Septenbu-
107h) apd Bast Asian Waters (Pemcng, Malaysia, April 1976).

However, the scarcity of intormation on pollution problems in many
countrias of the region, vhich was reflected in the replies to the
questionrnires, did not allow such an extensive review to be prepered in
edvance of the Workshop. This preliminary reviev therefore only provides
gome background informastion for the deliberations at the Workshop vhich
vill identify the main pollutants eand the most urgent problems to be solved
through regiomal co-operatioa. It is hoped that the experts whe
participated in the Workshop will complete as much as possible the
infosmavion on the pollution problems in their respective countriea so that
a "Review on the State of Marine Pollution in the Caribbear and Adjacent
Regions" can he prepared at 2 lster date 0 assist in any action to follow

up the Workshop.



The informetion conteined in this preliminary report was roceived
from: '

(i) HReplies to the questionnaire on marine pollution from the
following CICAR and FAO member. countries: Bahamas, Belize,
Colombia, Cuba, Guatemala, Jamaica, Mexico, HNicaragus, Panams,
Trinided end Tobago, and the United States.

(ii) Papers presented at the FAO Technicel Conference on Marine
Pollution and its Effects on Living Resources and Fishing.
Rome, 9-18 December 1970.

(iii) United Nationr azd FAO publications; e.g., UN Stetistical Year-
book 19Tk, FAO Production Yearbook 197k.

(iv) Papers presented by Colombian, Cuben and Mexican participants at
various FAO/SIDA Treining Courses on Marine Pollution concerning
pollution problems in their respective countries.

The present paper was prepared by Mr A. Wenblad, FAO Technical
Secretary of the Workshop, and Dr G. Tomczak, FAO Fishery Resources and
Enviromnment Division (Chepter 1). '

2. Description of the Region end Some Hydrographic Aspects

2.1 Introduction

The area under consideration for the purpose of the Workshop
encompasses the Caribbean Sea and the Guif of Mexico and is bordered on
the north, vest and south by the American continent and om the east by
the islands of the Greater and Lesscer Antilles.

The total area of this region is 4.31 x 106 km%, As the meen
vater depth is 2,174 m., the total volume of the water maszses in the
region is 9.37 x 10 km3. The greatest water depth is found in the
Cayman trench (6,895 m) to the west of Jamuica.

The Caribbean Ses cen be subdivided into various basins which are
bordered by submerine sills. Thus, & s8ill of mostly less than 200 m
betveen Jamnica end Honduras separates the Yucatan Basin in the north of
"the Caribbean Sea from the main part of this sea; several sills with
depths of less than 3,000 m also divide this main body of the Caribbeen
Sea intu three different btesins: the Colombian Basin in the west, the
Venezuelan Basin in the middle of the area, and the smell Grenads Basin
to the west of the Leeward and Windwerd Islands.

The following general description of some hydrographic features
that may affect the distribuiion and movement of poliutantis may help in
understanding the relationship between the state of pollution in coastal
areas and in the open sea. More detmiled papers on the hydrography of



the region and on the various dispersion processes follow the preseni one.
In the light of the findings of CICAR a co-operative study of the
Caribbean erea designed to provide a more detailed knowledge of surface
and deep-water circulation, renewal of water masses in the deep basins,
geasonal variations of temperature and salinity, especially as regerds up-
welling areas, effects of river outflow, etc., and their relation to
pollutant distribution, should be carried out.

2.2 Surfece-water circulation

The most striking hydrographic feature in the region is the
continuous flow of water through the ares from east to west in the
Caribbean Sea proper, followed by a movement from southeast to northeast
in the Yucatan Basin, and finally, in the Gulf of Mexico, a strong flov to
the east egain through the Straits of Florids, after an anticyclonic
movenent of most of this water in the western area of the Gulf.

Approximately 30 x 106 cubic metres of water per second pass through
the vaerious passages between the islands of the Lesser Antilles transported
to them by the combined equatorial currents. The genmeral movement of this
water, which is stable all the yeer round although some seasonal changes
can be found in the velocities, is shown schematically in Pigure 1 in which
an area of continuous flow is indicated by a dotted line. The velocities
given are mean velocities during the year. Seasonal chaages can be
expected, however, and much higher velocities will be found, especially
vhere the water is forced through narrovw passages, such as the Yucatan
Channel or the Straits of Florida; velocities up to 3.5 and 4.5 kn,
respectively, are observed in the current core in these two areas.

Outside the dotted line currents are vesker and also unstable.
During come months, large vortices are formed off the coast of Costa Rica,
Panama and Colombia, and similarly in some parts of the Gulf of Mexico.
The main circulation in the latter, as already pointed out, forms an anti-
cyclonic movement flowing through the western part of the area and,
eventually, combining its flow in the Straits of Florids with the water
masses which turn after passage through the Yucatan Channel immediately to
the east, the latter movement heing more pronounced during the northern
hemisphere winter months.

2.3 Sea-surface temperature: aress of ugwelling

The surface temperature in the tropical parts of the region has an
average velue of about 27°C and does not vary considerably during the year.
The seasonsl fluctuations do not exceed 3°C. This is also true for the
southernmost part of the Gulf of Mexico. However, its northern part
shows extreme seasonal changes in temperature, from sbout 16°C in winter
time to 28°C in the summer, so that during the vinter months there is a
strong latitudinal temperature gradient.

The cooling of surface waters in the northern and central part of the
Gulf of Mexico during winter months also affects the vertical temperature



distribution. Whereas in the vhole Caribbean area end adjecent seas
the temperature decreases by 10-15°C during thc first 200 m, beyond
vhich depth there is only very slovw further decrease, a thermocline
layer is formed during the winter in parts ot the Gulf of Mexico at
depths that may sometimes reach 100 m.

Although this will have some influence on the mixture of any
potential pollutant in the area, more important in this connection seems
to be the development of upwelling which takes place particularly along
the north coast of the Yucatan Peninsula from May to October, with a peak
in June, and off the northeastern Venezuelan coast where upwelling is
strongest between December and April.

3. Sources and Effects of Pollution

3.1 Introduction

The following sections give primarily a summary of the replies to
the questionnaires on pollution in the Caribbean. Due to lack of the
information available in some countries, several of the replies are
rather incomplete while some give quite adequate information. For this
reason the countries may be divided into three groups:

(i) Sufficient information: Mexico and the United States.

(ii) Limited information: Colombia, Cuba, Jamaica, Trinidad
and Tobago.

(iii) Little information: The Bahamas, Belize, Guatemala,

Nicaragua, Panama.

An effort has been made to include additional information to permit
some estimation of the major pollutants snd of the kind of pollution
problems that can be expected. General demographic and geographic data,
as vell as data on major industrial and other activities that mey be a
source of pollution, have therefore been included. It must be pointed
out, however, that only direct studies, as part of national monitoring
programmes, can establish the extent of coastal pollution from these
sources,

To give an estimation of the organic load from the domestic sewage,
the following figures have been used:

Biochemical oxygen demand (5 days), BOD5 = 20 kg per person per year
Phosphorus content : 0.9 kg P per person per year
These figures are the same as those used by the General Fisheries

Council for the Mediterranean (GFCM) in a review of the state of marine
pollution in the Mediterranean (GFCM Studies and Reviews No.51, 1972).



Pollution originating from oil-processing industries can be quite
considerable especially around big o0il refineries. In order to give an
eotinate of this pollution it can be assumed that about 1 m3 of water is -
used for each ton of crude oil processed in the refinery (excluding water
for cooling purposes) and that the resulting effluents contein amounts of
oily substances in concentrations of about 100 ppm. A refinery with a
capacity of 10 million tons per year may then release 1,000 tons of oil
per year.

3.2 Nexico

Mexico has an area of 1,969,269 xm° and a coastline along the Gulf
of Mexico cf 2,611 km. The population is about 58 million (197h4).
Mexico's nominal fish catch in the western central Atlantic is reported to
be 124,650 tons (19Th). v

Main rivers:

(i) Grende-Bravo del Norte, total length 2,890 Im, catchment
ares 012,900 km2. The frontier betveen Mexico and the
United States runs along the river for 1,600 km.

(ii) Panuco, total length is 450 km.

(iii) Papaloapan, total length is approximately 540 km.

(iv) Grijalva
Among the main industries are:

fisheries, food-processing, breveries, distilleries,
tanneries, textiles, mining and metallurgy, pulp and paper,
shipyards, fertilizers, crude-oil production, oil
refineries, petrochemicals, chemicals and pharmaceuticals.,

Domestic pollution, including bacteriological contamination, is
considered a problem especially for the production of crustaceans. The
contaminated organisms, oysters, musseis and some fish, for example, may
be rendered unsuitable for human consumption and may also show an
increased mortality. This situation occurs commonly in areas vhere there
is a continuous discharge of untreated domestic sewage.

Industrial pollution :

Grande-Bravo del Horte areca

Breveries and distilleries: organic material, ethyl elcohol, detergeuts
and caustic soda,

0il refineries: crude oil, lead compounds, surface-active agents, phenols.
acids and alkelis.



Petrochemical industry: petroleum derivates, benzene, ethylbenzene,
toluene, acetaldehyde, heavy aromatics, dodecylbenzene and several other

derivatives.

Monterrey area

Food industry: organic material, detergent, caustic soda.
Pharmaceutical and chemical industry: various chemical compounds.
Tenneries: organic material, tannic acid, chromium salts.

Metallurgical industry: cooling oils, acidic and alkaline deoxidizing
solutions, metal oxides, cyanide and various metal salts.

Pulp and paper industry: debarking waste, cooking liquors, wood and paper
fibres, various chemical substances: e.g., arsenic compounds, sulphate
liquors, lignin compounds, carbohydrates.

Textile industry: wood and cotton fibres, colouring compounds.

Mining: sulphuric acid, salts of various metals (e.g., copper, lead, Zzinc),
ash, sand.

Pesticide industry: residues of DDT, aldri:in, endrin, lindane, etc.

Panuco area

Food industry, sugar industry: organic materiasl, bieaching residues:
hypochlorites and calcium oxide, detergents and caustic soda.

Pharmaceutical and chemical industry, pulp and paper industry, oil
réfineries, petrochemical industry, end mining.

Nueva Faja de Oro

Crude oil production and oil refineries.

Paopeloapan aresa

Breveries and distilleries, sugar industry, pharmaceutical and chemical
industry, tanneries, pulp and paper industry, textile industry.

Grijalva area
Food industry, sugar industry and petrochemical industry.

Isla del Carmen

Food induatry



Merida area

Breveries end distilleries, food industry, wood-preserving industry:
organic materisl, creosote oil.

The effects of industrial pollution on the coastal waters have been
indicated as moderate from Tampico to Veracruz, and severe from Verecruz

to Tabasco.

Pesticides: Among the pesticide~ that are in use, quantities are
given for agricultural use of the following (1972): '

Aldrin 837 tons
Endrin 13,667 tons
Dieldrin Varying

Lindane 58 tons
DDT 1.7"5 tons

3.3 United States

The Gulf of Mexico is bordered by the following States:

Florida population : 6.8 million area : 135,000 Jm®
Aladame. population : 3.4 million area : 125,000 Jm®
Miggissippl population : 2.2 million area : 118,000 km®
Louisiavs population : 3.6 million area : 112,000 lam®
Texas population : il.2 million area : 653,000 km®

Of the total vopuiation of 27.2 million, about 6.5 million are living
in the coastal counties. ' The population of the coastal urban areas is

about 3.5 million.
Main rivers:

The contributing river basins from the sovth of Florida to the
Mexican border are listed in Table 1. The Guif of Mexico has been divided
into nine parts where the drainage areas and the total discharge are listed.
Major rivers are listed under "Discharge from selected river basins". Of
the total discharge of 25,120 m3 sec™l, 18,400 come from the Mississippi
River, '

The total suspended load due to sedimentation in the whole of the
Culf of Maxico ic asbout 360 million toms per year.



Table 1

Discharge of Rivers to the Gulf of Mexico

——
i Drainage Total Discharge from
Contributing basin j - ares | discharge aelecteg river
. : i : basin
o t - =
| km2 !m3sec 1 f m3sec 1
t 9
1. Cape Sable to Alligator Creek ¢
2. Peace River to New River 67,600 770 )
River basin: Suwanee River ! 1 302
3. Apalachicola River 51,800 756
Lk, Wetappo Creek to Perdido River 36,800 i1
River basin: Choctavhatchee
River 208
Escambia River 155
5. Mobile Bay 11k,700 1,818
River basin: Mobile River 1,788
6. Pascagoula River to Pearl River 51,000 883
River basin: Pascsgouls River 430
Pearl River : 365
7. Mississippi River i 3,220,900 18,400
8. Vermilion, Mermentau and j
Calcasieu Rivers 22,500 306
9. Sabinc River to Rio Grande 875,900 1,407
River basin: Sabine River 256
Neches River , 233
Trinity River i 212
Brazos River 176
Colorado River 8s
Guadalupe and
San Antonio !
Rivers ! 67
Nucces River i 23
Rio Grende 19
Rounded totals : 25,120




Domastic pollution:

Coastel municipal was’.e diacharge'for each State is listed in Table 2.
Discharges from Florida ccastal counties into both the Gulf of Maxico and
the Atlantic Ocean have been included.

There are sore difficulties in calculating the organic load from this
discharge since thwu efficiency of the treatment is not glven. To give an
approximate amount, the fxgure of 20 kg BOD5 per person per ysar is used as
previously. M;nor and primary treatment is estimated to reduce BOD by 30
per cent vhereas secondary and tertiary treatment may reduce BOD by as much
as 80 per cent. The total organic load from coastaul municipal vaste would
then be about 35,000 tons BOD5 per year. In addition domeatxc sevage will
enter the coastal waters with the rivers but the information is not
sufficient to make a calculation of this load.

Industrial pollution:

Table 3 gives a summary of the coastel industrial waste discharge.
The figures are for years up to 1970. The date indicate the importence of
various manufacturing industries in the different States, and mainly relate
to industrial activities in the coastal counties but do not include all
industrial waste water carried with the main rivers.

In addition to discharge from land-bssed sources, about 13 million
tons of dredging spoils and 700,000 tons of industrial waste are dumped into
the Gul?f of Mexico per year (1568).

The coasts of Texas and Louisiane are very important producers of
petroleum, and the oil-well drilling pletforms are numerous in the near-
shore woters. Little information is evailable on the extent of pollutionm
from o0il production in the Gulf of Mexico. (A lecture on petroleum
pollution of the Gulf of Mexico is reproduced later, however; see page 146.)

Pesticides:

Nearly 100 companies in the United States produce active pesticidal
ingredients. Data on the production of these pest1c1des are virtually
unavailable on an individual compound basis. Table U4 gives a summary of
production volumes of selected herbicides, insecticides and fungicides (data
refer to 1972).

As the Mississippi River system drains 4l per cent of the land area of
the United States, including much of the agricultural heart-land, the
pesticides and fertilizers draining from it flov into the Mississippi River
end may contribute considerably to the pesticide load in the Gulf of Mexico.
Fish kills in the Mississippi River and damage to marine resources have been
traced to excessive pesticide concentrations.
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Table 2

Coastol Municipal Waste Discharge Su=mary

FLORIDA

MISSISSIPPI

LOUISIANA

TEXAS

TOTAL

|

! Terviary

Type of { Nunber of Population served| Average daily
treatment : discharges x 1,000 flow, million
gallons per day
None 0 0.00 0.00
Minor 2 T70.00 T7.00
Primary 34 - Wh7.02 61.01
Intermediate 0 0.00 - 0.00
Secondary 371 2,581.57 2bT.62
Tertiary 3 k.02 0.26
Total 410 3,102.62 315.89
None o 0.00 0.00
Minor ; 0 0.00 0.00
Primary i 2 35.20 2.65
Intemediate ' 0 0000 0.00
Secondary 15 207.56 23.61
Tertiary 0] 0.00 0.00
Total , 17 242.76 26.26
None ' 0 0.00 0.00
Minor 0 0.00 0.00
Primary ; 0 0.00 0.00
Intermediate ; 0 0.00 0.00
Secondary : 8 151.00 14.59
Tertiary ; 0 0.00 0.00
Total i o 151.00 1i,59
None { 1 15.00 1.50
Minor g 0 0.00 0.00
Primary | 2 453.00 26.30
Internediate (o) 0.00 0.00
Secondary i 49 hlik.73 h5.33
Tertiary ! 0 0.00 0.00
Total i 52 912.73 73.13
None ! 0 0.60 0.00
Minor i 0 0.00 0.00
Primary | 3 12.50 0.43
Intermediate 0 0.00 0.00
Secondary 197 2,032,62 136.67
Tertiary 1 1.70 0.00
Total 201 2,0L46.82 137.10
None 1 15.00 1.5
Minor 2 70.00 7.00
Primary b oh7. T2 20.39
Intermediate o 0.00 0.00
! Secondary 6ho 5,417.48 467.82
i 5.72 0.00




Table 3

Coastal Indusctrial wunte-Diaéhmrge Sﬁmmafy»

HUater Discharged in 1970, million gallons per day

State rroquets | cobee™® | Chemical |Petroleun Trnsry | rotel
FLORIDA ‘ :
Discharged to: , C
Public severs 2.43 0.00 0.22 0.00 0.00 2.65 .
Surface water 36.64 175.66 69.86 0.00 0.00 282.16 . .
Tidewater 2.59 | 190.57 106.02 0.00 0.00 299.18 |
Ground 3.52 ! 1.94 '1.08 0.00 0.00 6.53 .
Total b5.17 368.14 177.17 0.00 - 0,00 580.49
Treated 6.70 179.28 65.95 0.00 10.00 251.91
ALABAMA j
Discharged to: P : ;
Public sewers 0.10 = 0.18 0.53 0.00 0.00 0.82
Surface water 0.10 . 239.7h 58.00 0.00 . 0.00 297.84 |
Tidevater 0.29 . 69.47 1.75 0.090, 0.00 T1.51
Ground 0.05 | 2.35 0.30 0.00 0.00 2.69
Total 0.54 i 311.73 60.59 0.00 0.00 372.86
Treated 0.05 ; 201.31 8.32 0.00 0.00 209.68
MISSISSIPPI f
Discharged to:

Public sewers 0.00 0.00 0.13 0.00 0.00 0.13
Surface water 0.00 :  0.00 6.66 0.00 . 0.00 6.66
Tidevater 0.00 0.00 0.88 0.00 0.00 0.88
Cround 0.00 0.00 0.06 0.00 C.00 0.06
Total 0.00 | 0.00 7.72 0.00 0.00 T.72
Treated 0.00 | 0.00 1.35 0.00 0.00 1.35
LOUISIANA !
Discharged to: -
Public sewvers 6.68 0.01 0.13 0.00 0.00 6.82
Surface vater 56.03 0.38 1sh.71 T2.66 0.00 283.77
Tidewater 10.63 0.00 20.16 26.83 0.00 57.60
Ground 11.87 0.00 0.71 1.68 c.00 1h.26
Total 85.22 0.38 175.70 101.16 0.00 2.t
Treated 16.1k 0.30 15.07 6L.60 0.00 66.12
TEXAS
Discharged to:
Public sewers 5.62 1.00 4.90 0.88 0.25 12.69
Surface vater h.32 L2.61 66.89 335.50 28.55 L77.86
Tidevater 10.03 51.04 3,318.460 169.12 352.68 | 3,90L.4T
Ground 0.60 0.00 5,14 4 b2 0.09 10.1h
Total 20.64 9k.65 3,395.53 509.75 381.55 | 4,k02.15
roated 1.%7 69.12 159.01 423.51 13.27 666.38
TOTAL
A Jie &P Yo LA bcu VW e
Public severs 14.83 1.19 5.91 0.88 0.25 23.11
Surfece water 97.09 458,39 356.12 408.16 28.55 | 1,348.29
Tidewater 23.54 311.08 3,3u7.1n 195.95 352.68 | 4,330.6L
Ground 16.04 4.29 T.29 5.92 0.09 33.68
Total 151.57 TTh.91 3,816.7Th4 610.91 381.55 | 5,735.69
Treated 2h.36 450.01 249,69 488.11 13.27 | 1,225.44




Table L

Summary of Production Volumes of Selected Hervicides, Insecticides end Fungicides

RNumber of products by production volume Production volume (million pounds)
Pesticide : ranges (million pounds) Total no. of .
u : specified Specified Unspecified All
group 45 4525  25-10  10-5 S5-I 1| products products  products  products
Herbicides &/ ' 1 b I 11 17 22 59 423 | 5 - L2g
Insecticides 2/ 503 4 6 15 25 58 | 393 10 k03
Funcigides &/ 0 2 2 0 5 9 18 1 1b2 2 . 145
. - A
Total 4 9 10 17 37 56 135 959 : 17 - 976 =

2/ Including defolients and plant growth regulators.

b/ 1Including crganic, inorganic and biological insecticides; excluding attractants, repellents,
synergists; rodenticides, molluscicides, fumigants and soil conditioners.

¢/ Considering the dithiocarbamate as a single product, and counting pentachlorophenol as primarily e funsidide,
but excluding sulphur, inorganic copper and other salts. , ' : : .



3.4 Colombin

il

cOlombla has an aree of 1,138,300 kma ulth a coastlmne in the

Caribbean of 1,560 lzi. The populatxon is 22.9 mllllon (1972)

The main fisheries are in. the Paclxxc bub the flsh catch in the -
vestern central Atlantic is about 13,400 tons (197&)

Main rivers:

(i) Magdalena, total length 1,550 km, catchment area: 200.000 kma.

Examples of chemical data from the lower part of the river

(Ducharme, 1975):  pH 7.65-8.1; Turbidity JTU: 215-500;

Conductivity S: 225; NO, ppm: L.0-22.0; PO, ppm: 0.18-0.37;
3 . b o

Cu ppm: 0.02 i .

L3N

(ii) Sinu, total length 40 km. Exomples of chemical data (Ducharme,
1975): pH: 7.1-9.1; Turbidity JTU: 100~-500; N03 ppm: 0.15-3.0;
PO) ppm: 0.2-1.5; Cu ppm: 0.3-3.6 ,

(iii) Agrasto, total length 600 km.

The main industries are: textiles, food-processing, crude oil
production, o0il refineries, petrochemicals and chemlcals, wood, wining and
metallurgy. The annual (1973) production of crude oil is 9.5 million m3
and the refinery capacity is 8.1 miliion tonms.

Domestic pollution occurs mainly around the capital cvities along

.
the coeet; of these, Baranquilla {700,000 inhabitanis), Cartagena

waa - WAL 0P W

(350,000 inhabitants) and Ssnta Marta (200,000 inhobitants) are the largest.
Sevage is apparently released withcut treatment. Domestic pollutants can
also be expected to oe carried out with the main rivers entering the
Caribbean. The orgs..ic load from the three largest cities would be
approximately 25,000 tons BOD5 T r year and 1,100 tons of phosphorus per
year.

Due to domestic pollution, depletion of shrimp and lobster resources
has been reported in the Bay of Tagenga.

- The industrial activity is very diversified, as mentioned above, ard,
therefore, a wide varicty of industrial pollutants can be expected to enter

the gea.

Fishery industries, as well as cther food-processing industries, are
reported to cause bacteriolugical pollution in the Bay of Tanganga.

Other industrial activities that may cause organic pollution are
wood-processing industries and distilleries.



Among chemical and metallurgic industries can be mentioned:
shipyards, petrochemical industry, DDT manufacture, fungicide
manufacture, fertilizer manufacture and steel industry.

Various kinds of pesticides are used in agriculture tut no
informeticn is available on their possible effects on living aquatic
resources. Among the pesticides which are in use, the following
quantities used in 1973 are given:

pDT 1,140 tons
Parathion 2,000 éons
Malathion 370 tons

3.5 Cuba

Cuba has an area of 114,52k km2 with a coastline of about 4,000
km. The population is 8.9 million (1973) with approximately 1.8 million
in La Habana.

Most rivers are short and run swiftly from the mountains to the
sea; the main river, Canto, is 370 km long.

The Cuban fish catch {landed) in the western central Atlantic wvas
73,000 tons in 19Th.

Among the main industrial activities can be mentiOned mining
(nickel, cobalt and iron) amd basic metal production (about 36,000 tomns
of nickel are prciluced per year), sugar refineries, distilleries,
breveries, fisheries industry, pulp and paper 1ndustry, shipyards and
fertiliz .-~ industry..

Domestic pollution occurs mainly around the major coagtal cities,
such as La Habana with its 1.8 million inhabitants. For the whole of
Cuba, the organic load from domestic sewage can be estimated to be about
500 tons BOD: per day. However, it is impossible to estimate how much
of this totaf loed ectually enters the cvastal waters, as the rural
communities are often served by septic tenks, and the rivers into which
sewage is discharged have a certain self-purifying capacity.

The industrial activity is very diversified, as mentioned above,
and, therefore, a wide variety of industrial pollutants may enter the sea.

From mining and metallurgy, nickel, copper, lead, iron end
chromium have been indicat.d to be of significance.

Waste water from sugar refineries has a high BODc concentration,
about 5,000 mg 171 on the average, and, therefore, contributes considerably



‘¢to the organic loagd in vhc‘reéeiving vaters. Distillerias ulsothave a'"
very high BODg content ‘in the uaste wator, UhLCh 19 also h:ghly coloured.'

Other industries that release uaste water u:th 8 hxgh organic
load are breveries, fisheries industry and food~processing industries.

Although little informetion is aveilable about the effects on
aquatic organisms of these kinds of pollution, considering the high BOD
load severe effects can be expected, at lemst locally, if no treatment
is undertaken.

3.6 Jamaics

Jamaica has an area of 11,430 km2 with a coastline of about S19
km. The population is about 2.0 million {1970).

Totel annual Jemnican Tish catch in the western central Atlantic
is about 10,000 tons {(197k).

Jamaica ia the world's largest producer of bauxite and aluminia.
Reserves of commercial grade bauxite have been estimated to be between
500 and 600 million tons and the bauxite production is about 13 million
tons per year, half of which is locally proceased into aluminia. Other
main industrisl activities are oil refineries, with s capaclty of 1.6
million tons per year, and distilleries.

Domestic pollution:

The chief sources, Kingston and Montego Bay, as well as individusl
iarge hotels on the north coast, are indicated to have gewage treatment,
but without knowing the type and efficiency of the treatment, the organic
load cannot be estimated.

High bacteria concentrationa, as well as frequent plankton blooms
and fish killa, are reported from Kingston harbour.

Industrial pollution:

Waste waters from bauxite mining and aluminia production, as well
as from the sugar industry and distilleries are discharged mainly to
rivers, but can t2 expected to alfect the coastal waters in the river
mouths. It is also known from other countries that waste from aluminia
production causes considerable pollution problems.

From the Kingston area there is a diversity of industrial
effluents, and the effects on Kingston Bay have been indicated as strong.

In Portland Bight, Montego Bay and Ocho Rios, the effects of
industrial waste waters have been indicated as moderate,



Fouling of boats, Fishing gear, mangroves and beaches from oil
pollution is reported from the Kingston srea and Portland Bight.

Various pestlcldes (malathion, DDT, llndane, ete.) are used in
“agrlculture and urban pest control.

3.7 Trinidad and Tobego

Trinidad and Tobago have & total area of 5,127 km2 vith a coast-
line of 470 km. The population is 1.1 million {1970) and 150,000 live
in the capital, Port-of-Spain; the second largest town, San Fernando,
has & population of 50,000 inhabitants.

. Fish production from the western central Atlantic is 3,380 tonms
(197L).

The mein industriel activities are 0il production, including
refineries, asphalt production, sugar mills, distilleries, breweries
and a fertilizer factoyy.

Direct sewage discharge is mainly from Port-of-Spain and San
Fernando. As it is indi‘'ated that the sewage is treated, the organic
load is difficult to calculate without knowing the efficiency of the
treatment, but can be estimated at 1,000-1,500 tons BOD5 per year from
Port-of-Spain and 300~500 tnns BOD5 per year from San Fernando, assuming
30-50 per cent BOD reduction in treatment.

The industrisl effluents that cause pollution maianly come from
petroleum refineries, distilleries and breveries. The crude oil
production is 8.5 million m3 per year (1973) but as crude oil from some
other countries in the region is refined in Trinidad the refinery
capacity is about 22.5 million tons.

The petroleum industry is located around San Fernando whereas the
distilleries ard breveries are in Port-of-Spain.

The effects of industrizl weste wuter have been indicated as
strong in the Gulf of Paria on the west coast while effects on the other
coasts are negligible. Frequent fish kills have occurred in coastal

lagoons.

0il pollution also occurs on the east coast and is believed to
come from bilge and tank-cleaning activities.

3.8 Bahamasg

The Bahamas consist of about 300 islands with a total area of
13,722 km?. Thirty islands are inhabited, the total population being
cbout 180,000 (1972). Fish production from the western central
Atlantic is 2,992 tons (197h4).



The main industrial activities are: oil refineries (capacity:
2k million tons per year), petrochemical industries, oil terminals, rum
distilleries, breweries and cement manufacturers.

Domestic pollution occurs mainly around the northern coast of
New Providence where sewage from Nassau (100,000 inhabitants) is
discharged without treatment. The organic load {rom this discharge
vould be about 2,000 tons BOD5 per year. Bacteriological investigations
have shown high E. coli concentrations. On the west coast of Grand
Bahama Island untreated sewage is discharged from Freeport (30 000
inhabitants).

Effects of industrial pollution have, however, beer. indicated as
ptrong on the northern coast of New Providence, as vell as the west coast
of Grand Bashama, where the oil refineries and oil loading terminals are
located.

3.9 Belize

Belize has an area of 22,965 kma'With 280 km of coastline. The
population is 128,000 (1972) with approximately 40,000 living in Belize
City.

The Belize river is the main river. Fish production is about
1,900 tons per year (19Tk). Extensive coral reefs are located off the

coast.

Production is mainly related to forestry and agriculture, including
some sugar mills.

Domestic pollution occurs meinly off Belize City where sewage is
discherged without treatment; the effects are not, however, considered
very significant. Seasonally high levels of pollution can occur from
.the sugar mills.

Pesticides are used in rice fields and eventually run off into the
Belize river, but no information is available about effects on living
aquatic resources. .

3.10 Guatemala

Guatemela has an area of 106,889 km® with a coastline along the
Ceribbean of 110 km. The population is 5.3 million -of which about
1 million live in Guatemala City.

The main river entering the Caribbean is the Motagua with a total
length of about 400 km.

Industrial activity is mainly limited to light industry for local
needs. Mining of nickel is of growing importance, and the large-scale
expleitation of nickel deposits close to Lake Izabal has recently started.




Domestic pollution from the three towns (total population 70,000)
on the Caribbean coast can be calculated as 1,400 tons BODg and 60 tons
of phosphorus per year.

Industrial. pollution may be expected from the mineral exploitetion
and subsequent refining, especially et the nickel mines at Lake Izabal.
No detailed information is available, however,

An oil spill occurred off the coast of Guatemale in April 1975
vhen a barge sank 5 km NNE of Punta de Manabique. An expert group was
sent by FAO to study the affected areas and estimate the economic losses
due to %“he oil spill. The financial losses due to interruption of
" fishing activities, as well as contamination of equipment, was estimated

to be about U.S.$ 150,000.

3.11 Nicerague

Nicaragua has an area.of 139,699 kn® with a coastline in the
Caribbean of 450 km.

The population s about 1.9 million with the main part in the
capital, Managua, and on the Pacific side of the country.

Main rivers:
(i) Grande de Matasalps, totel length 418 km
(ii) Coco, total length 433 km

Industrial activity on the Atlantic coast is mootly limited to some
small fish-processing piants in Bluefields and elsewhere.

Domestic pollution is indicated as insignificant because of the
small population on the Caribbean coast. The organic load from about
70.000 inhabitants can be calculated to be about 1,400 tons BOD5 per year.
This is, however, distributed cver most of the coastlime.

Pesticides are not used in the agricultural activities on the
Caribbean coast.

3.12 Panama

Panama has an are. of 75,835 km® and the populstion is abyut 1.5

million (1970).

The main industries are: oil refineries, sugar refineries, marble
cutting and polishing, fisheries and shipyards.

Domestic pollution on the Caribbean coast mainly occurs around the

> - .
b ] SR Rpgg. -~
cenal zone vhere Coldn {100,000 inksbitanis) is she largest town. The

organic load from Coldn where sewage is released without treatment would



be about 2,000 tons of BOD. per year. The beaches around Coldn are
reported to be bacteriolog?cally contaminated.

An oil refinery vith a capacity of 3-4 million tons per year
operates in Coldn, and several incidents of release of oil are reported.
Release of 0il also occurs from the heavy ship traffic through the canal
zone when bilge and ballast waeter is releszed. “here is no control of
this release.

The effects of industrial effluents in the area around Colon have
in general been indicated as strong.

b.  Summary

The pollution problems in the countries in the Caribbean and
adjacent regions vary videly depending on tie size, population, type of
egricultural production and extent of industrielization in the various
countries.

Some types of pollution such as organic pollution from domestic
waste are however common problems for the whole region. Domestic waste
problems are essociated with all major cities in the area and will
increase as urbanization continues. The development of sevage treatment
facilities will not be able to keep up with population growth and as a
result the assimilative capacities of natural waters will continue to be
exceeded,

Organic wastes from sugar refineries, pulp and paper mills and the
agricultural industry can also contribute considerably to the oxygen
demand of the waste waters.

Metallurgic and other industries present a different type of
pollution problem &s the wastes usually contain a mixture of organic
wvastes and inorganic and organic chemical substances which must be treated
in a more complex way. Table 5 indicates the metal mining production in
the region. The extent of pollution problems from these types of industry
varies considerably frou country to country. Only national programmes to
monitor various industries and receiving waters can establish the actual
extent of pollution and indicate what counter measures are necessary.

Pesticide contamination will continue as agricuiture expands.
Pesticide residues in coastal marine resources may, however, decrease with
the development and use of less persistent chemicals.

0il exploration and exploitationm are intensive in the Caribbean
region, and the level of contamination is increasing due to the expansion
of off-shore drilling. Apart from measures to prevent oil spills and
tanker collisions, the protection of valuable coastal resources depends on
the efficiency and speed of contaimment and recovery of oil spills at the
source These measures suouid, UOWEver, ve careiully co-ordinated with the
need for the protection of living resources, and pilot studies to estimate
ecological damage by o0il should be organized.



Table 5

Mining Production 1973 (thousand metric tons)
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Belize

Bahamas

Colombia

439

| Costa Rica

Cuba

5.0

36,789(3)
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Dominican Republic | 1,411

100

3,497

Haiti

179

Honduras

19.7

| Jamaica

13,489

Maxico

1310

197

32

P71k

| Hicaragun
Panans

Puerto Rico

United Sfates

Trinidad and Tobago

2,324

| Venezuels

15

17,445

Surinam

6,686

Hotes : (1) 1971

(2) metric toms
(3) 1372 content of oxide and sulpbide

Source :

U§ Statistical Yearbook 1974
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1. Igtroductxom

The preaent documeut deacrxhea aoma najor hydrological featurea ,
and proposes a gencral mothodelogy for the collocction of a first set of
vater pollution date relevent to rivers flowing into ‘the Caribbean Sea
and the Gulf of Mexico. .

It is important to bear in mind that.the CGrzbbeag Beg is o gemi-
enclosed body of water (with a volume of about 9.3h x 10° km”) where any
pollution from river discharges vill be more detr;meutal ‘to the marine
environment near the river's mouth than in the open ocean.

The total river water d;scgnrged to the Caribbean Sea and the
Gulf of Mexico is «bout 1.85 x .10 3 per year. The Orimoco river out-
let is outside this area, but it is vell-knoun that the main current

along the Venezuelan coast is from east to west so that the major part of
the Orinoco water flows into the Caribbean Sea. This large-scale eagt-to-
vest circulation could also supply scme additional water and sediments, but
it is at present hardly poss:ble to assess these contributions. Therefore,
of these, only the Orinoco river has been included here, in which.cese the
total river discharge comes to about 2.8 x 103 Km3 per yoar.

It should be noted that if the Orinoco is included the Gulf of
Mexico and the Caribbesn Sea are fed by two of the world’s largest rivers:
the Mississippi and the Orinoco.

Despite the importance of these rivers and the potential pollution
in this area from surrounding highly-industrial and/or h1gh1y-mgr1cu1tural
countries, there has been so far no comprehensive investigation of river
pollution, although some work has just started in the development of a
World Registry of Rivers Discharging into the Oceans (WORRI) by the-
International Hydrological Programme and the U.N. Enviromment Programme.
Some intensive work has also been done in the USA mainly by Trefry and
Presley on the Mississippi river and by agencies of the federal government

through monitoring programmes.

2. General and Hydrological Features of the Region
2.1  Physiography

ge total drainage area to the Gulf and Caribbean Sea is about
6.5 x 10 , to which should be added that of the Orinoco bwsin

(0.95 x 106 km2). The basin covers a wide variety of climates and
geomorphologlcal features, from the upper Misesissippi basin (509F) to the
Casiquiare river, a tributary of the Orinoco (2°K).

The major mountain ranges are loeated in the wegtern part of the
basin: Rocky Mount&ains (more then 4,000 m in height), Sierra Madre
Oriental (Pico de Arizaba: 5,700 m) and the Tolcmbian Cordilleras (Pico
evada del Hulla: 5,750 m). The Mississippi &nd Orinoco basins are the



mﬂjor lov-land areas draining into the Caribbean and adjucent seas; the
ninor ones are the Yucatan Peninsula, the State of Florlda and Cuba
{excluding the Sierra Mnestra).

2.2 Hydrology

An estimate of the water input by rivers is given in Table 1.
The water discharge from Central America and northern South America is
an estimate mainly based on the report of Baumgartner and Reichel (1975)
on tke World Water Balance. If the Orinoco river is taken into account,
the water contribution from the USA would be around 30%, corresponding to
about 60% of the total drainage area. Despite their small basins, the
Central American rivers from Guatemala to Panama have an importan+
influence on the water budget because of their high specific water
discharge (more then 20 1l.sec.”l.km™

The major rivers, accordlng to water discharge ( > 200m3 sec. l)
or to dreinage area () 100,000 ), sre listed in Table 2. In fect, the
Mississippi and the Orinoco are by far the most important rivers, and
their contribution alone is more than 55% of the total water discharge.
The other important rivers are the Magdalena, San Juan, Coco, Usumacinta,
Mobile and the Rio Grande (Rio Bravo).

The river regime is closely related to the climatic features
(precipitation and temperature) and may also be influenced by relief in
mountainous regions. Several types of rivers can be defined (Guilcher,

1965) :
~ Northern hemisghere trogical raigx regime: this regime is found in

Florida, the Antilles, wnd from Mexico to Venezuela, vwhich corresponds to
about T0% of the waters flowing into the Gulf and Caribbean Sea. The high
water period is in September-October and the low water in Apr1l—May There
are local variations and two sub-regimes can be defined:

(i) tropical, with strong single maximum and short low-water
period; from Guatemala to western Colombia,

(ii) tropical single maximum with a longer low-water period; in
northern Mexico and Venezuela. The Orinoco belongs to the
latter type (high water in July-September, low water in
February-April).

- The Mississippi river re me. this regime is very complex owlng to
the size of the basin 13 25 x 10é Jm ) and to the great variety of river
reglmes, such as the Texan regime, the pluv1o-n1val and the n1vo-p1uv1a1
types in the Great Lakes area, the Kansan regime, and the nival and nivo-
glacial mountain regimes in the Rocky Mountains. Generally, the high-
water period occurs in spring and the low-water period in late summer or
autumn, a regime which is close to the pluvie-nival regime found in

vestern Europe.

&%



- Secondarx-tgge river regimeg there are some aecondnry types of

river regimes in the Gulf and Caribbean Sea basin:-

(i) The Texan regime is characterized by year-round flov with
a maximum in May and a minimum in Augugt-September (in

Texas);

(ii) The oceanic pluvial regime has year-round flow vith a
slight varm-season minimum (e.g., Georgia and Alabama).

The usual high-water period is in April-May and the low-water
period in October.

Owing to the great diversity of river regimes, it is obvious that
the sampling periods must be adapted to each set of hydrological
conditions, especially for the periods of high flow.

2.3 Sediment discharge

As will be seen in section 3, the river sediments play a major
role in pollutant transport and availability.

A list of sediment discharge and turbidities of the main rivers is
given in Table 3. The Mississippi and the Magdalena (Colombia) rivers
are by far the two major contributore of sediments to the Gulf and

Caribbean Sca.

Some rivers in Texas and Central America are highly turbid (more
than 1g 171) owing particularly to heavy rains, lack of vegetation cover,
and steep slopes. Sometimes the turbidity increases greatly after
volcanic eruptions, as was seen after the Irazd eruption in 1964-66 in

Costa Rica.

A very rough estimate of the sediment budget of the Gulf and
Caribbean Sea is given in Table 4, The average rate of sediment
transport is around 130 t km -2 per year, which is close to the world
average (150 to 200 t km™2 per year according to various euthors), but
there are large variations, with individual values ranging from less than
1 t km™2 per year (Apalachicola) to 2,600 t km~2 per year (Reventazdn, in

Costa Rica).

3. River Pollutants to be Monitored

The choice of pollutants to be monitored has been discussed at
length in recent years by various international bodies (international
conventions and recommendations of international expert meetings).

Taking into account these various lists, especially those adopted in some
other regional studies, such as the UNEP project on "Pollutants from
land-based sources in the Mediterranean", and the various conditions
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apscxfic &0 tho Garibb@an aroa, th@ fbllowing liat of pollutants 10
proposed for the fira% asoesoment: ,

1

ute

)

e

Extrezael:y hazardoua‘ pollutanta (bleck lwt)

Arseuzc

MNercury

Lead

‘Cadmium

Polychlorinated btiphenyle (PCBs)
‘Other chlorimated organic compounds

Certain other'signiricant pollutants (grey list)

Total organic matter (BOD. CcoD, or TOC)
Specific organic substances:

Phenols

Detergénts

Mineral o0ils (hexane-soluble)
Microbiocides

Heavy metals:

,Copper
Chromium
Rickel
Zinc

Hutrients:

Total phosphorus
Totel Kjeldahl - mitrogen
Hitrates
Aczonium
Microbiological pollutants:
Coliform bacteria
Suspended solids:

Tdtal éuspended natter
Voiatilizable suspended matter -




This tentative list calls for several reuarkso. -

i) The importance of a given pollutant varies from river to river:

it is thus likely that pollutants other than thosa- listed above
mlght prove to be highly sxgnlfxcant and should also be monitored. A
typicel example is aluminium in Jamaican rivers dralnlng bauxite ores;
similarly, iron might be significant in the Orinoco river. Pesticides
are other important potent1a1 polluxanta. especielly in Texas and in
intensive agricultural regxons in the Antilles and Central America.
Another specific example is chlorine which is intensively used in fouling
control, and released to several U.S. rivers. - Chlorine gas, vhen
digsolved in water, readily forms hypochlorous acid and hypochlorite ions
("free available chlorine"). Being & strong. oxidizing agent, hypochlorous
acid can react with organic compounds to make certain chlorine derivatives
(e.g. monochloramine, cyanogen chloride, chlorophenols) knovn to be. toxie
to some marine organisms. Chlorine and many of its compounds have been
shovn experimentally to be toxic to marine orgenisms at the levels commonly
.released to the aquat:c environment. They can affect primary production
and fish life in rivers and estuaries (Hamilton et al., 1970; Carpenter
et al., 1972; Gentile et al., 1976), but are ususlly not monitored or even
taken into account in the various lists of pollutants.
ii) Further, the determination of total suspended matter, vhich can be .
detrinmental to coral growth or to photosynthetic activity, and the
analysis of various particulate pollutants including "artificial"
particulates, pulp fibres, dairy wastes, asbestos, red-mud, etc., as well
as secondary enriched particles and dredge spoils, are highly recoxmended.
In fact, sorption processes may occur in the river watershed (pesticides,
heavy metnls) end in the river itself; they contribute $o the enrichment |
of the fluvial suspended matter which constitutes a major reservoir of
pollution vhich should be monitored. These particulate pollutants may
have detrimental effects on filter feeders, and may lover primary
productivity. They can also give rise to soluble pollutants through
mobilization processes at the benthic boundary layer. Any balance of
polluiants to the Caribbean Sea which did not take into account the
particulate phase could lead to an inadequate estimate of pollutant flux

and impact.

As sn example, the text table below, derived from Trefry and Presley
(1976), gives the percentages of some toxic elements supplied to the Gulf
of Mexico by the Mississippi river. It shows the major importance of the
particulates as carriers of pollutants. Such observations have been made
in various other American and European rivers, and this statement is most
probably valid for many other polluteants such as PCBs and DDT.

Zinc | Lead | Copper | Chromium | Nickel | Cadmium | Arsenic
g particulate (90.1)99.2| 91.6 98.5 ok.7 88.9 70.2
% dissolved 9.9 0.8 8.4 1.5 5.3 11.1 29.8
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iii) The differentietion between particulate and dissolved phases is

gtill an open question. The most popular method of separation
currently in use is microfiltration. The phase passing through the filter
is the so-called soluble fraction while the fraction retained upon the
filter is regarded as suspended sediment.

In fact, the separation between various particle sizes is arbitrary,
and colloidal or macromoclecular material will pass through the filter
(ususlly & 0.45 micron pore size). If we consider the various specific
forms of metals in natural waters, described by Sturm and Bilinski (1972),
there is obviously & continuous range of metallic species between soluble
and particulate phases (e.g. colloidal ferric hydroxide, which is able to
pass through a 0.A5y filter, will be retained by a 0.0lu filter). The
importance of particulate ferric hydroxides as a scavenger of many heavy
metals could then be underestimated by using a 0.U5p pore-size filter. . On
the other hand, tbe so-called super-saturation of water with respect to
many trace metals is possibly an artefact due to inadequacy in filtration
procedure in meny cases.

Geochemists are very much aware of this problem but there is still
no consensus on its solution. Intercomparison of data from the Caribbean
region vith those obtained from other regions by the world's hydrological
and chemical laboratories will require the use of 0.45u pore-size filters
although there is now evidence that this limit is rether arbltrary and

sometimes misleading.

Moreover, it would be very interesting to determln; the sneclatlon
(crystalline, coating, orgenic, etc.) of trace elements bound to suspended

sediments which could be important for biologicel assimilation and further

P .
remcbilization.

' Rivers to be Monitored

A river quality monitoring network should be based on two
considerations:

(i) the greater part of the water discharge should: be monitored;
(ii) the greater part of the pollutant input should be monitored.

Therefore ve have divided the rivers into four categorxea vhich may
be overlapping.

k.1 Major rivers

The eighteen major rivers are listed in Table 2; they correspond to
75% of the water input and to 75% of the drainage area. The Mississippi
river should be particularly studied because it is by far the largest river,
together with the Orinoco, and because it drains a highly-populated (nearly
65x10° people), highly-industrialized and agricultural area.



h.2 Rivéra assumed to be hi. 1luted

It is well-known that rivers draining highly jindustrial or
agricultural regions are severely polluted. The Gulf and Caribbean Sea
drainoge basin is characterized by very 1mportant industriel, mining and
agrlcultural activities mainly located in the United States but also in
some areas in Mexico, Venezuela, Cuba and Jamaica. .

Other important sources of pollution are the urban vastes vhich
are proportional to the size of the city and to its level of development.
The total population of the basin can be roughly estimated at 200x10
people of which 45% are in the USA, -35% in Central, Americe including the
Antilles, and 20% in Colombia and Vénezuela. .The effects of urban vastes
are also dependent upon the distance between the location of the main
sewage discharges into the river and the ocean. The most detrimental
vastes to the ocean come from nearshore cities. Many big cities are
located along the shoreline of the Gulf and the Caribbean Sea: Corpus
Christi, Houston, Nev Orleans, Mobile, Vera Cruz, Baranquille, 's Habans,
etc.; they release their Wastes through rivers or directly to the ocean.

According to information from some US Federal Covernment Agenc1es
(Geraghty et al., 1973), a preliminary list of highly polluted rivers in
the United States can be given:

Very severe pollution : Houston Ship Cenel (Texas)
(among the ten most

polluted rivers in «. Escambia River (Florida)

the USA)

Severe pollution : Rio Grande {Texas and Mexico)
Brazos (Texss)
Mississippi
Pearl

Mobile (Alabams)
Apalachicola (Florida)

‘ Such a list should be set up for '‘all countries according to their
potential wastes (mine tailings, agricultural run-off in regions highly
fertilized or treated with pesticides, urben westes, industrial discharges,
ete.). The following rivers could be examined: Panuco, Papsualdpan amd
Usumacinta ~ Grijalva in Mexico; Sinu (copper pollutlon?) and Magdalena
(nitrate pollution) in Colombia, many small rivers in Cuba, Jamaica
(bauxite mines), Guatemala (nickel mines), the Orinoco (iron mines), the
lake Maracaivo outlet (o0il fields) and .so on.

4.3 Rivers flowing into gensitive areas

There are many environments along the Gulf and Caribbean Sea coasts
where the biotic equilibrium is very sensitive: for example, mangrove
areas, lagoons and estuaries, coral reefs and highly productive upwelling
zones. These regions are generally characterized by sediment trapping
and lower renewal rates of waters, or by highly sensitive organisms, edults
(coral reefs) or larvae (estuarin® nursery grounds). It is therefore
essential to monitor the rivers entering such regions.
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b.4  Rivers providing natural baels ound levelg' - -

The natursl background levels of coutnmxnantn in unters are always
needed for comparison with the polluted r:vers. , In ‘some ‘places the
natural concentrations in waters or sediments may ‘be very h:gh and exceed
the levels required for industrial or drink:ng vater uses. Such natural
values vill be obtained by monitoring rivers' drsining areas with very
minor human activities, either industrial, agricultural or mining, and
vith.lov‘settlement densities.

Another interesting p01nt in sura atudlea would be the detection of
river contamination by atmosphdric fallout, a global phenomenon. This is
especially true for pestlczdes and heavy metals that are carried as
aerogols and dust partlcles (Duce et al., 197&)

Each country should select at least one representatlve r1ver '
according to local and regional features.

5. Sampling
5.1 Location of river stdtions

River stations will be selected as close as poesible to the mouth of
the river so as to take into account as large & part of the drainage basin
as possible.

It is highly recommended to use IHD stations for sample collection.
However, the Tew IHD stations designated at present in the Caribbean region
are not always suiteble for pollutant asses.ment and will generally not
give the present flux of pollutants entering the Caribbean Sea because
these stations are sometimes located far from the estuarine or deltaic
zones. Moreover, pollutants are subjected in estuaries to new physico-
chemical, dynemicel, sedimentological and biologicel conditions which may
alter their speciation and concentration and their budget to the ocean
(Kartin et 81., 1976). Such important processes will not be considered
with the existing IHD river svations. A complementary estuarine and
deltaic monitoring programme should be highly recommended.

5.2 Sempling procedure

Usually, wvater samples are collected at various depths, from just
beneath the surface of the river to as close to the bottom as the sampling
device will allov. Composite samples will be prepared either from samples
collected at various depths and/or by multiple sempling along & cross-
section. For small rivers, a depth-integrated sample or a point sample
taken at a single transverse position located at the centre of flov is

usually adequate.



5.3 Sampling frequency

The determination of sempiing frequency is largely dependent upon
the required accuracy, the importance.of rivers, the hydrological cycle
(particularly for non-point sources), the local conditions (existence of
sensitive area), and, for point sources, on the pollutant discharge
frequency itself. In fect, this latest problem and the existence.of
accidental pollutant discharge would require a high frequency of saupling
vhich is usually unrenlistic from a financial point of view.. Prior to
the pollutant concentration determination, it is necessary to estimate
vith accuracy the water and sediment discharge at a gauging station as
near as possible to the sampling station.

Taking into account these various considerations it is thought that
& first assessment of the pollutant discharge would be made with the
sampling time-scales described below:

(i) For the Mississippi river and highly polluted rivers (Escembio,
Pearl ... etc.) sampling could be made veekly.

(ii) For major rivers (discharge greater than 200 m3 sec™l) and
"unpolluted” rivers sampling could be performed monthly, except
during the high-water period for which two samples per month should

be taken.

(iii) Rivers floving into semsitive areas, a monthly routine sample, with

a double frequency during the reproductive periods of sensitive
organisms would be adequate. -

A further distinction could probably be made with respect‘to black
and grey lists of pollutants, the parameters of the latter being monitored
with a lower frequency.

6. Conclusions

Despite the relative scarcity of water quality data, some preliminary
conclusions can be drawn.

The Gulf and Caribbean Sea drainage basin is characterized by
intensive industrial, minirg, and agricultural activities including some
major land oil fields, therefore pollution through rivers can be expected
to be important in some areas.

In order to assess the pollutants flux from rivers to the Caribbean
and adjicent regions the following procedure could be followed:

(i) River monitoring

Different sampling procedures are proposed for four types of
rivers:



(a) The Mississippi river should be thoroughly monitored es it could
represent alone about 75% of the pollutent load from the USA. It
mugt be remembered thet this country represents'the major part of

the watershed (around 60% of the drainage area, 30% of the water

discharge and 45§ of the surrounding population®);

(b)  The survey of 17 other important rivers (water discharge more than
" .200 m3 pec~l) will allov the monitoring of 75% of the waters
discharging into the Gulf and Caribbean seas; -

(e) In edch country small rivers potentially polluted should be listed
according to potential pollution from industry, mines, intensive
agriculture, or urban vaste waters, and be monitored;

(a) Additional rivers flowing to sensitive areas (laguna, fisheries
zone) should also be checked end monitored.

(ii) Pollutants to be monitored

Special attention will be paid to extremely hazardous pollutants
vhich are already known to occur in some of these rivers (heavy metals,
- PCB, pesticides ...). Analysis should be performed both on the water and

on the suspended matter.
(iii) Further action

As pollutants can be trapped or their chemical and physical
speciation be modified in the estuarine zones, & further monitoring
programme on estuaries would give a much more precise flux of pollutanis
to the Caribbean sea and adjacent regions and also essess the pollution
level in these sensitive aress.

As natural background levelrs of concentrations in waters and in
suspended matter are needed for comparison with the polluted rivers, the
monitoring of selected rivers should be realized in various non-polluted
environments according to each type of vater regime and to different
geological compositions of the Gulf and Ceribbean seas watershed.

bd Orinoco included; if not, these figures are respectively
70%. 42.5% and 45%. : ,



References

Baumgartner, A., and E. Reichel, 1975. The World Water Bslence.
Elsevier, Amsterdem, 179 p. i : . -

Carpenter, E.J., P.B. Peck and S.J. Anderson, 1972. Cooling water
chlorination and productivity of entrained phytoplankton. Marine

Curtis, W.F., J.K. Culbertson and E.B. Chase, 1973. Fluvial Sediment
Discharge to the Oceans from the Conterminous United States.
US Geol. Surv. Circ. 670,

Duce, R.A., P.L. Parker and C.S. Giam, 197kL. Pollutant transfer to the
merine cnvironment. NSF/IDOE Workshop, Port Aransas, Texas,
11-12 Jan. 1974. Univ. Rhode Island Press.

Gentile, J.H., et al., 1976. Power plants - chlerine and estuaries.
E.P.A. Report no. 600/3-76-055, 37 pp.

Geraghty, J.J., D.W. Miller, F. Van der Leeden and F.L. Troise, 19T3.
VWater Atlas of the United States. Water Information Center, Port

Washington, N.Y., 200 pp.

Guilcher, A., 1965. Précis d'hydrologie marine et continentale.
Masson, Paris, 389 pp.

Hamilton, D.H., et al., 1970. "“Power plants: effects of chlorination
on estuarine primary production. Science, 169, 197.

Martin, J.M., M. Meybeck, F. Salvadori and A. Thonas, 1976. Pollution
chimique des estumires, €tat actual des connaissances. Rapp. scient.

techn. CNEXO, 22, 276 pp.

Meybeck, M., 1976. Total Dissolved Content of World Major Rivers.
Hydrol. Sci. Bull. XXI, 2, 265-283.

0.M.M., 1972. Proyecto de Ampliacion y Mejoramiento de los Servicios
Hidrometeorologicos e HidrolSgicos en el Istmo Centroamericano.

Publicacién no. 79.

Stumm, W. and H. Bilinski, 1972. Trace metals in natural waters:
difficulties of interpretation arising from our ignorance of their
speciation. Advances in Water Pollution Research, 1972, 39-49.

Trefry, J.M. and B.J. Presley, 1976. Heavy metals transport from the
Mississippi river to the Gulf of Mexico. In: Marine pollutant
transfer. H.L. Windom, R.A. Duce, Ed., Lexington books,

s -~ - an_7L
D.C. Heath and Cc., Lexington, Mass., pp.35-76.




" UNESCO, 1969. Diacherge of Selected Rlvers of the Wbrld. vol.-I,
) III. Studies and Reports in Hydrology. .

Van der Leeden, F., 1975. Water Resources ofithe'Wbrld. ‘wétei_f

Information Center, Port Washington, N.Y., 568 pp.

Iy



- ‘h3 - .

Table 1

Approximate Water Input by Rivers to
the Gulf of Mexico and Caribbemn Sea

A. ORINOCO INCILUDED

Total drainage area

Water discharge |

= -1 T i
km®© % m3 sec ¥ | w3 per i §
, __year 4 :

ugp ) | |

Mississippi 3,268,000 % 18,400 580

Eastern Gulf 337,000 | ] 5,000 | 158

Western Gulf 900,000 ! ﬁ 1,700 5k

Total 4,505,000 | 61 | 25,100 T° | 28
wexzco (?) 900,000 | 12 7,300 230 | 8
. t .

GUATEMALA TO PAnAMA (3) 365,000 | 5 14,150 b6 | 16
corompra (%) 300,000 : & 8,500 268 9.5
VENEZUELA

Ceribbeen rivers ‘5! 150,000 2 1,500 u7 2

orinoco (6) 950,000 | 13- 30,000 9hé | 3
GREATER AND LESSER ANTILLES 250,000 3 2,300. 73 2.5
Total basin 7,420,000 | 100% 88,850 2,802 | 100%
Notes:
(1) Curtis, Culbertson and Chase (1973).
(2) Area estimated; water discharge from Van der Leeden (1975).
(3) van der Leeden (1975).
(4) Estimated, based on Magdalena figure.
(5) Estimated.
(6) UNESCO (1969).

B. ORINOCO EXCLUDED

Total basin 6,465,000 | 100% 58,850 1,856 |[100%
USA 4,505,000 | 70 25,100 192 | b2.5
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Table 2

Provigionn). List of Major Rivers (1)

Criteria of choice :

wvater discharge more than 200 m
or drainage area more than 100,000 lm®

3 gec}

Culbertson and Chase (1973).
(2) International river, figures apply to the whole basin.

River Area (km?) | Water discharge (m3sec™l)

usA | |

Apalachjocole (Flo.) 44,000 620

Mobile (Als.) 97,000 1,500

Mississippi (Lo.) 3,268,000 18,400

Brazos (Tex.) 114,000 160

Colorado (Tex.) 107,000 79
USA - MEXICO

Rio Grande (Tex.) 467,000 23
NEXICO e

Panuco 66,300 549

Grijalva 36,300 T23

Usumacinta 47,700 1,763
GUATEMALA ~ HONDURAS |

Matagus (2) 16,600 252
HONDURAS

Ulua 22,500 526

Patuca 25,600 825
HONDURAS -~ NICARAGUA

Coco (2) 26,700 950
NICARAGUA

Rio Grande de Matagalpa 19,700 T62
NICARAGUA - COSTA RICA

Sen Juan (2) 38,900 1,620
PANAMA

Changuinola 2,7Th5 20%
COLOMBIA

Magdalena 235,000 T,500
VENEZUELA

Orinoco 950,000 30,000
Notes: (1) Data from Unesco (1969), Van der Leeden (1975). and Curtis,
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Table 3

Sedinent biseharge by Rivéﬁ-d into th_é Gulf of Memico
‘and the Caribbean Sce (imcomplote data) . |

River bra.inngo area | Sediment Speéific " Hean |
at_the station| discherge | tranmsport | tupbidity
(103 k=) (106t.per | (t.m® . | (mg.2.7Y) [
yeer) Jper year) |
A. Major rivers j
Missisaippi 2,923 222 76 - 38
Apalechicola Ly 0.16 - 6.8 15
Mobile 95 b.5 b2 .95
Brazos (Tex.) 11k 15.9 139 3,200
Colorado (Tex.) 106 1.9(dam) 17.9 ‘
Rio Grande k6T very
lov(dem)
corompra (2
Magdalens 235 235 1,000 1,000
VENEZUELA (3) -
Orincco 950 85.0 o1 an
B, Minor »ivorg (¥)
EL SALVADOR
Rio Grande at
Moscoco 2,350 0.5 214
HONDURAS .
Cholutaoca 1,510 2k6
COSTA RICA
Reventazdén 1,367 3.5 2,600(5)
Grande 638 126
NICARAGUA
Viejo 85k 35.8
PANAMA '
Barjano 3,218 811
Notes: (1) Curtis, Culbertson and Chase (1973).

(2)(3)
(1)
(5)

Meybeck (1976).
0.M.HM. (1972).
Value influenced by the eruption of Irazi volcano.
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Table h

Approniate Bediment, Delivery by Rivers 4o the. Cambbtean :

‘Sea and Culf of Mexico ERR
_cduntl;y R | , Totm168edxmant del:wery "' Zfﬁeférené:e"
‘10tperyear A

UsA - i k3 “lcurtis, Culbertaon, R

' A "~ | Chase .
Central Aaafica 1 ? e ‘ : o g o
end Antilles 300. 1% »fgot/,noﬁe (2) T
Hagda.léna R 235 ref. in Meybeck . |
Rengining | ' ' A ' R

Colombia end 50 estimated as (1)

Venezuela

Orinoco 85 : ref. in Meybeck

Total 1,013

Total without

Orinoco 928

Note :

(1) This value 2&5 been obtained by multiplying a total drainage area
of 1.5 x 10 laa?® by an estimated specific detrital erosion of '

200 t.km~2 par year.




REGIONAL OCEANOGRAPHY AS IT RELATES TO
PRESENT AND FUTURE POLLUTION PROBLEMS
AND LIVING RESOURCES - CARIBBEAN
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1. Introduction

Proper planning for pollution control and abatemont cannot coapletely
be done within the framework of isoleted rational progropmes. We must
somshov develop international progresmes on a regionsl and even global scale
if we are to protect our living resources. Planming for such prograzmes in
. marine pollution requires a basic understanding of the ocespography of the:

region under comsideration. This paper is a description of the basic
physicel and chemical oceanography of one such area — the Caribbean Sea.

2. Regional Description

Figure 1 shovs the Caribbean-Gulf of Mexico area in relation to
surrounding land and water masses. We can see that the area is relatively
land-locked and that its oceanography will be affected by the adjacent FKorth
Atlantic vaters. Figure 1 also shovs two major rivers wvhich empty directly
into the area: the Magdalena in Colombia and the Mississippi in the United-
States. VWe shall see shortly that at least two other rivers which do not
empty directly into the area, the Orinoco and Amazon, ‘slso affect it. We
shall also see that pollution occurring far from the Caribbean can have
definite effects on it, and that occurrences in the Caribbean will affect not
only that immediate area, but areas far to the north and east (sections b.l

2.1 Regional bathymetry

The land-locked uature of the Caribbean-Gulf of Mexico area is more
apparent in Figure 2, where the general bathymetry is shown. We can see that
the ares consists of & series of deep vasins varying from 4.1 vo T.i kilometres
deep and is surrounded on the north, south and west by North, South and Central
America; it is pertially cut off from the North Atlantic Ocean on the east and
northeast by the Greater and Lesser Antilles. Water exchange with the North
Atlantic Ocean occurs over the sills between these Antillean Islends. The
positions of the major sills are shown in Figure 2. We cen see that even the
deepest of them, the Windward sill {1,600 metres) and Jungfern sill (1,815
metres) are much more shallow than even the most shallow basin. For this
reason, much of the water in the Caribbean is below 8ill depth, causing much
concern about the extent of renewal of these waters. Ve shall discuss some
implications of this later (sections 3.2 and 6.3).

3. Water Masses of the Caribbean Sea

3.1 General features

Vater masses or types are usually defined in terms of their origin. The
origin of deep waters is in turn defined by the point at which the water was
last at the surface of the sea where exchanges across the air-ses interface and
biological activity gave it a particular salinity, temperat-re and oxygen
concentration. After leaving the surfrce, the water mass can be altered only
by mixing, respiratory processes, and other relatively slow chemical reactions
betveen the water and suspended matter. Other than mixing, these processes
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vill have little effect on r linity and temperature; hovever, respiration
and/or decay of detritus cui slter nutrient and oixygen concentrations.
During these processes, the water develops specific temperature, salinity,
oxygen nnd nutrient characteristics,which, when considered together, can be
used tc identify - or "fingerprint" - the wvater mass. The depth at which
these characterlstics are most pronounced is referred to as the core depth
for that water.

Figurs 3 shows the approximate core depths for water types present in
the Venezuela Basin of the Eastern Caribbean Sea. These same water types
can be traced through the other basins and into the Gulf of Mexico. HNote
that above 500 metres, the core depths are noticeably more shallow in the
south than in the north of the basin. This is an important fact which will
have bearing on later discussions (section 4.3.1). Table 1 gives a summary
of the origin and characteristics of each of these cores. Mixing occurs
between water cores, and the parameters that define the adjacent cores show
almost linear mixing curves. This is aptly illustrated in Figures 4 and 5,
which show profiles of salinity and dissolved oxygen versus depth for the
Northern Venezuela Basin. In Figure L, we can see that the salinity curve
is essentially linear between the surface mixed layer and the salinity
maximum at about 175 metres (Subtropical Underwater), and again between the
salinity maximum and the salinity minimum at about 800 metres (Subantarctic
Intermediate Water). The oxygen profile in Figure S shows a slight oxygen
maximum at about 300 metres for the 18°C Sargasso Sea Water (Kinard et al.,
1974), a mimumum at about TOO metres for the Subantarctic Intermediate Water
and another slight maximum between 1,600 and 1,800 metres. This slight
maximum has been attributed by Wist (196Lk) to overflow of North Atlantic Deep
Water over the Jungfern sill into the deep Venezuela Basin. Again the
mixing portions of the curve between cores is almost linear. The oxygen
minimum at about TOO metres i8 due to respiration and decay of organic detritus
depleting dissolved oxygen. Note thet et deep depths the oxygen concentration
is quite high, reflecting the cold temperature of the source of these deep
waters and resulting in an enhanced oxygen solubility vhere the water was
formed at the surface. The slight oxygen maximum at 300 metres is similarly
a reflection of the enhanced oxygen solubility at that water's source in the
relatively cold (18°C) Sargasso Sea during winter. :

3.2 Renewal of deep water

As mentioned above (section 2.1), since much of the water in the deep
basins of the Caribbean is below sill depth, there is concern over the extent
to which this water is renewed. In section 3.1, we pointed out that a slight
oxygen maximum in the Northern Venezuela Basin at approximately the same depth
as the Jungfern sill has been interpreted by Wist (1964) as "renewal wvater'
floving over that sill. We also pointed out that deep Venezuela Bottom Water
is rich in oxygen and eppears vell ventilated in contrast to amoxic conditions
vhich wvould prevaeil if no reneval had occurred. Therefore, either some
reneval is occurring or has occurred in relatively recent tine.

Hov much is occurring or hov lomng ogo it occurred is a question
presenf:.ly of concern to many researchers. Worthington (1955 a, b) has
considered oxygen and temperature date taken in the Venezuela Basin from 1933

4
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to 1954, end concluded that during that period oxygen values had dropped

and the temperature increased at a rate that indicated renewal of Caribbean
Bottom Water had not occurred for between 150 and 500 years. Serious
doubt, hovever, developed as to whether oxygen data for the period were
precise enough to warrant such comparison. Wist (196l4) presented potential
temperature sections through the deep Caribbean passeges that indicate
continuity between the North Atlantic Deep Water and Caribbean Bottom Water.
However, using 1963 CRAWFORD hydrographic data directly across the Jungfern
and Windward sills, Worthington (1968) showed that discontinuities in the
potential temperatures occurred at the sills indicating that no deep renewal
was occurring at that time. More recently, work by Metcalf and Stalcup
(1973), Stalcup et sl. (1975), Sturges (1975), Froelich and Atwood (19Tk),
and Atwood et al. (1976) had demonstrated that at least small amounts of cold
North Atlantic Deep Water are flowing over the Jungfern sill into the deep
Venezuela Basin.

Froelich and Atwood's (1974) conclusion is based on a temporal study of
deep silicate data at a serial station just southwest of the Jungfern sill.
Figure 6 shows profiles of dissolved silica versus depth for the Horth
Atlantic just north of the Jungfern sill and for the Caribbean just southwest
of it. The Caribbean station shows a low concentration (1-4 um) of dissolved
silica at the surface due to depletion by marine organisms, and high values
(28 uym) in deep water where the silica is returned by the sinking and decay of
these same organisms.

However, the curve for the North Atlantic shows & distinet difference in
dissolved silica concentration at the depth of the sill (15 to 16 um), as
compared to the Caribbean water of the same depth (28 um). Therefore, if
North Atlantic Deep Water crosses over the sill, we should be able to see a
dilution of dissolved silica in the Caribbean Rottom WVater at least near the
sill.,  Selinities on both sides of the sill are very close, and cannot be
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used to this same purgose.

Figure T shows the results of Froelich and Atwood's (1974) two-year
tenmporal study of deep dissolved silicate just inside the sill. At about the
s8ill depth and below, there is definite evidence that dilution of dissolved
silica occurs, and it seems to occur sporadically. . Thus, at least some
renewval occurs. Worthington (personal communication) contends that the
amount of renewal demonstrated is miniscule and not sufficient to have any
major effect on deep Caribbean Water. Illowever, Atwood et al. (19T6) showed
that this renewal can be demonstrated to have an effect on deep silicates of
the northern Venezuela Basin, the mean deep silicate concentration of the
northern part of the basin being some 1.5 um less than that for the southern
part. We will consider this agein later (section 6.3) when we discuss
possible effects of pollutants.

3.3 Surface water

We have not discussed the surface mixed layer of the Caribbeen, nor does
Tatle 1 list iis origin or characteristics. This layer, and in fect the
upper two hundred metres of the Caribbean, is greatly affected by circulation.
We must, thereforc. first consider the currents in the srea hefore we can
consider the surface water.



k. © cirewlstion in tho carii,b'ean Sen_and Gul? of Mexico

h 1 Ocean currents

, Tb properly- understand the current structure of the Car1bbean—Gu1f of
Mexico area, ve must fivet consider the rest of the ocean. The basic'
forces exerted on the ses surface include the wind and Coriolis fPorce. The
vind exerts & frictional forcc on the surface of the sea which is transmitted
dovavard because of the viscogity of the water. This tends to move the
vater in the direction of the wind, hovever, due to rotation of the earth,
a second virtual force - the Coriolis - is applied at right angles to any
moving body on the earth's surface. In the northern hemisphere, this
deflects the body to the right. - This force is zero at the equator and
increases towvards the poles. Usually this force is not perceptible sinqe
other forces are much larger. However, in the case of the ocean and air
currents, the Coriolis force is of the same magn1tude as other forces mnd has
a deflnlte effect on circulation.

Figure 8 presents the vorld's ocean current system; Table 2 gives the
names of major currents, keyed to the numbers in Figure 8. Note that in
each northern ocean, & clockvise gyre system exists with diffuse esstern
currents and very strong currents near the vestern land bounderies.. These
latter currents are called Western Boundery Currents and incliude the Kuroshio
and the Gulf Stream. In the southern oceans, the gyre system is counter-
clockvise. The Antarctic Circumpolar Current in the extreme southern oceans
is the area wbere the most inportant’ocean mixing occurs, since it extends
through the southern end of all three major ocesns: Atlantic, Pacific and
Indian.

It is cleer from Figure 8 that the Caribbean-ﬁulf of Mexico area hasn
inputs froa the Equatorial Currents of both the KForth and South Atlantic and
that output from the gyctem will be soon dicpersed through the entire North
Atlantic gyre system.

4.2 Currents 1n and a@ﬂgcenn %o the Caribbesn Sea and Gulf of. Mexico

Figure 9 shows the current system of the Caribbean and Gulf of Mex:co
as well as its inputs and outputs. Currents providing inpuis are the North
Equatorial Current and Guiana Current, which is an extension of the South -
Equatorial Current. These enter the Caribbean through the lowver passages of
the Lesser Antilles and become the Caribbean Current, vhich passes through
the Caribbean, the Yucatan Straits, the southeastern Gulf of Mexico and the
Straits of Florida. During this pessage, various smaller currents or eddies
develop which vary seasonslly, such as the countercurrents in the northern
Caribbean, the loop in the Culf of Panama, and the Gulf Loop Current.

. The Caribbean Current has a maximum transport of the order of 26-34
million m3 of water per second (Gordon, 1967). Stalcup and Metcalf (1972)
have shown that enough water passes through the lover passages of the Lesser
Antilles to account for all of this. The same magnitude of transport
cccurs through the Yucatan Straits and the Straits of Florida, after which
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the Caribbean Curreht is joined by the Antilles Current (or Cenary Curreht)
and transport reaches & value of the ordcr of 55 million m3 of water per :
second (Neumann, 1968).

k.3 Measurement of ocean currents

There are essentially three methods of measuring the magnituc¢ and
direction of ocean currents. Two are direct methods: ILagrangian measure-
ments using drifters or drogues; and Eulerian measurements using current
meters. Drifters or drogues are marked and released, and must either be
tracked by ships, airplanes or satellites, or the investigator relies on
recovery and return of the drifters by someone else and tries to deduce the
path followed. Current meters must be moored and held relatively stationary
either by securely anchored ships or by deep anchors with acoustical releases
which can be triggered from a surface ship when the investigator desires.

Due to the time and expense involved with dropue trecking and deep mooring of
current meters, investigators often use a third indirect method of measuring
ocean currents called the dynamic method.

L.3.1 The dynamic method of measuring ocean currents
as aprlied to the Caribbean

The Carilbean Current itself can provide us with an excellent example
for demonstrating the®dynamic method of measuring ocean currents. At the
same time, we can learn more important facts about the circulation in the
Caribbean. In section 4.1, we discussed the Coriolis force which acts
perpendicular to the direction of motion in such a way as to turn it to the
right in the northern hemisphere. Thus, in the Caribbean, the Coriolis
force 1s directed northward against the westward flowing Caribbean Current.
This results in novement of Caribbean surface water northward until it piles
up against the barrier of the Greater Antilles. This results in a slightly
higher sea surface level at the north end of the Caribbean, and a "distortion"
of the density field so that a pressure gradient is directed southward that
Just balances the Coriolis force. The result is a "distortion" in the
density field that is proportional in magnitude to the current flowing west.
Thus, if we can measure accurately the differences in the pressure field and
relate them to a zero motion reference level, we can calculate the velocity
of the current: this is basically the dynamic method. The measurement is
accomplished by sampling a section of hydrographic stations along a line at
right angles to the current direction, and carefully determining the salinity
and temperature as a function of depth.

Figures 10 and 11 show a salinity and temperature profile across the
Caribbean at 67°00'W. We note that the contours for both salinity and
temperature generally slope upward towards the south just as the core depth
does for the Subtropicel Underwater and 18°c Sargasso Sea Water (section 3.1).
The result is a greater thickness of warmer, fresher water at the north end
of the section where it has been pushed by the Coriolos force creating a
pressure gradient to balance it. Thus on the south end elong the Venezuele
coast, colder, nutrient-rich water is closer to the surface where upwelling
along the coast can bring nutrients into the photic zone resulting in greater
productivity. We also note that both the salinity and temperature contours
turn slightly upward at the extreme north end of the section.
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Figure 12 shows the current velocities calculated from.the dsta in
Figures 10 oend 11. Shaded areas depict eastward flow (into the page) and
unshaded, westward flow (out of the page). In Figure 12 we should note -
the following:

(i) The major flow of the Caribbean Current in June 1972 occurred in two
branches; one betwveen 16%00°N and 14°00'N end the other between
13°30'N and 12°00'N. Surface current velocities in these branches
vere very high; 2 40 cm sec™! and > 60 cm sec” respectively.

(ii) An extensive countercurrent covered the northern third of the
section from 18°00'N to 16°00'N and had surface velocities of
> 25 c@ sec™l. This eastward flowing current is what caused the
slight upward tilt in temperature and salinity contour in the north
in Figures 10 and 11. '

(iii) Significant flow (> 5 cm sec™l) oceurs as deep as 500 metres, but
not belowv that depth.

The seasonal nature of the eastward flowing countercurrent shown in
Figure 12 is demonstrated in Figure 13, which shows velocities for the same
section four months later in October, 1972. At that time, the two branches
of the Caribbean Current were in approximately the same position with the
same surface velocities as in June 1972, although significant velocities
occurred deeper (1,000 metres). However, the counter-current consisted of
only a nerrov band just north of the northern branch of the Caribbean
Current, and most of the northern third of the section exhibited relatively

weak westward flow.

Through June 1975, dato for ninc such sections have been collected and
reduced. Althougn data interpretation is not complete, it can be said that:

(i) The maximum current velocities are always in the southern half of
the Caribbean.

(ii) An eastward flowing current always exists somewhere north of
14930 'N.

(iii) The net westward transport above 1,600 metres varies from about 15
to 28 million m3 sec~l.

In late 1975 and early 1976 a series of satellite—tracked Langrangian
drogues were released in the eastern Caribbean and, as they were tracked,
density sections such as the above were also taken. A comparison of the
drugue tracks and geostrophically calculated currents indicates that the
indirect measurements are essentially correct, but that the flow regime is

quite variable in space and time.

5. Origin of Surface Water in the Caribbean Sea and Gulf of Mexico

5.1 Salinity variations

There is a distinct variation in surface salinity in the Caribbean
with relatively high () 35.5°/00) salinities between January and May, with
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highest salinities (» 36.5°/00) occurring in February and March, and lower
salinities between June and December, with a minimum ( » 34.5°/00) occurring
in October and Jovember. This is illustrated in Figures 14 and 15, which
are adapted from “lst (196k). The figures give a clear indication .that
the low salinity water that occurs in late fall enters the Caribbean from
the south and east, which is the "source area" for the Caribbean Current.
There has been some conjecture as to the source of this water, with some
people arguing that its source is the tropical convergences close to the
equator where there is extensive rainfall, and others that its source is the
Amazon and Orinoco rivers which have maximum discharge between February and

April (wlst, 196k).

Tremendous amounts of water flow out from the Amazop river. Davis _
(1964) and Oltmen (1968) report an average annual outflow equal to about 30%
of all river water reaching the entire Atlantic. Wlst (196k4) has
summarized data throu§h 1964 that show that the mean discharge of the Amazon
is 106 to 12k m3 sec™ and a maximum discharge of 146 m3 sec™l. The Orinoco
dlscharge is less, but still has a mean of 1l to 34 m3 sec-l and a maximum of
85 m3 sec™l, Thus, these two rivers can add between 125 and 2 m3 sec™l of
fresh river water to the oceans. The surface currents depicted in Figure 9
are ideal for transporting this water into the Caribbean.

5.2 Gilicate-salinity relationships

If the low-salinity surface water found in the Caribbean in October and
November has its source in the Amazon and Orinoco rivers, the silicate
concentration of the Caribbean surface water should show it. .Due to
weathering of rocks and soil, river waters carry high concentrations of
dissolved silica. The Amezon and Orinoco contain 9-14% ppm dissolved silica
(Livingston , 1963), whereas rain water should contain elmost no dissolved
silica unless it is from dust particles. Thus, if river water is the source
of low-salinity Caribbean Surface Water, there should be an increase in silica
as the salinity decreases. Froelich, Atwood and Polifke (1974) have
reported results that show that this is exactly the case. Figure 16 shous
their silicate and salinity data collected at the PEGCA serial station in the
Northern Venezuela Basin. It is clear that during the low-salinity periods
there is a concurrent increase in dissolved silicate concentration. The same
data are plotted in Figure 17 to show that there is & clear linear relation-
ship between silicate and salinity so that there is little doubt that the low-
salinity water is fluvial in origin. The authors showed a similar relation-
ship for stations all across the Venezuela Basin, proving that the source
could not be local run-off from nearby islands, and concluding that the low-
salinity water originated in the Amazon and Orinoco rivers. :

Since the presentation of Froelich, Atwood and Polifka's (1974) results,
Carder and Schlemmer (1973) at the University of South Florida have
identified nepheloid layers (layers of finely divided sediment suspended in
the water column) throughout the Caribbean and Gulf of Mexico, which have
sources in the Amazon and Orinoco. These layers are not restricted to the
surface water, and occur at depths where particle and water densities are such
that the particles remain suspended. One such layer occurs in the high
salinity core of the Subtropical Underwater (Figure 3), which is at a depth
where significant transport of this material can occur (Figures 12 and. 13).
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Another fact which should be noted in Figures 14 and 15 is the high
salinities that occur along the southern partion of the Caribbean all year
round as compared to salinities to the north. As discussed in section
4.3.1, this is & result of the Caribbean Current and balancing Coriolis ‘and
pressure gradient forces which have pushed the warm, lower-salinity surface
vater northward, exposing the upper part of the high-salinity Subtropical
Undervater. As a result, cold, nutrient-rich water is closer to the
surface near Venezuela and Colombia, and coastal upwelling can bring it into
the photic zone, increasing productivity many times.

Another input of fresh water which has an interesting local effect is
large seasonal amounts of rainfall which occur in the southwest area of the
Caribbean near Pansma. This rainfall produces low-salinity surface water
which "floats" on the sea surface producing the anticyclonic gyre (rotation
opposite to normal Coriolis-produced circulation), or loop current, near the
Gulf of Panama (Figure 9).

There are various other important inputs of fresh water from rivers
such as the Magdalena, Mississippi and smaller rivers draining Mexico,
Central America and the United States. All of these have local importance,
and the effects of the Mississippi and Magdalena on sedimentation are felt
quite far from their source. However, none of these has an oceanographic
impact like the Amazon and Orinoco rivers.

6. Present and Future Pollution Problems Considered in Relation to
the Oceanography of the Caribbean Sea

6.1 General considerations

The foregoing sections provide an oceanographic framework in which we
can consider the possible impact of present and future marine pollution.
Unfortunately, we are somewhat limited in this respect, since not all of the
present or potential pollution sources are known to us. Recent attempts by .
the Intergovernmental Oceanographic Commission to fill this gap in knowledge
through the Co-operative Investigations of the Caribbean and Adjacent Regions
(CICAR) have so far failed, with less than 15% of member nations responding
adequately to a pollution questionnaire vhich was sent out to prepare for
this Workshop. Nevertheless, we do know some sources and can consider what
oceanographic impact any sources might have.

Based on the oceanography discussed in the foregoing sections, we can
consider pollutants according to their possible effects on two categories of

water:

(i) The upper 1,500 metres of the Caribbean—-Gulf of Mexico area, with
special emphasis on the upper 500 metres where most transport

occurs, and

(ii) The deep water below the sills where renewal is a problem,
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6.2 Cons;deratlon or the upper 1,500 metres of uater

In sectlons 3, 4 and b we have consldered the uater maases present 1u
the Caribbean and Gulf of Mexico and the currents that trangsport them. We
have seen thet these waters have orlglns os far avay as 6008 (Subantarctic
Intermediate Water) and from pluaces as varied as the Sargasso Sea (18%
Sargasso Sea Water), the mid-latitudes of the North Atlantic (Subtropncal
Underwater) and the Amazon and Orinoco rivers (low-sallnlty surface water).
Obviously, pollution of any of. these SOurces or of places between these
sources and the Caribbtean will affect the area and its 11v1ng resources.

For example, development in the Amazon river or Orinoco river drainage baslns
could increase the amount of suspended material added to the system and a
portion of the pollutants deposited there, .such as pesticides, herbicides, or °
heavy metals, will probably find its vay into the Caribbean within a year.

We have also seen that weter that flows through the Caribbean becomes
part of the Gulf Stream and is dastributed throughout the Noyth Atlantic gyre
system and evertually the entire world's oceans. Pollutants added to the
water during this transit will be distributed in the same way. The time
scale for such distribution is probably 1 to 5 years for the North Atlantic
surface waters and over one thousand years for the entire world ocean unless
the materials are removed by some process before mixing can occur.

A consideration of one type of potential pollution source in the
Caribbean can serve.as an example of what type of problems can occur. The
Caribbean is an area of active petroleum production and refining. It is
interesting to consider the current system diagrammed in Figure 9 in the light
of some of the more active specific sites of petroleum and petrochemical
activity such as Trinidad, St. Croix, Puerto Rico, Aruba, Curagao, Lake
Maracaibo, Jamaica and the Gulf coast of the United States where extremely
large petrochemical complexes exist in the Galveston Bay and Migssissippi river
areas, and extensive amounts of offshore 0il, gas and sulphur are produced.
Added to these is the constant traffic of large and small peiroleum tankers
vhich cross the area. Even if these ships do not have accidents that result
in spills of o0il, they must constantly flush their tanks with bellest water,
vhich results in significant transfer of hydrocarbons from the ship to the -

water (Sackett, 197h).

The reefs off the small fishing village of La Parguera, Puerto Rico,
have been subjected to at least two groundings of large petroleum tankers in
less than two years. One of these resulted in a major spill which extensively
demaged shores and marine life. However, even more insidious than the o0il
spills, vhich can cover large areas of ocean surface and shoreline, is the
organic matter that becomes dissolved in the seawater following oil spi‘ls.
Brooks and Sacketlt (1973) surveyed the distribution of dissolved Cy- to Cy-
hydrocarbons in the Gulf of Mexico, and showed important man-made Sources
associated with ports, offshore petroleum drilling and production operations,
and open-ocean shipping activity. More recently, Sackett (197h) has presented
direct evidence that large eamounts of these hydrocarbons are added by under-
wvater gas flares near oil-drilling rigs, and by ballast pumping from petroleum

tankers. What the effect of these hydrocarbons on marine life can, and will,
be is mot completcly known, but indicetions are that they can be deleterious.
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There are no similar data on dissolved hydrocarbons in the Caribbean
Sea; not even bacliground data. Hovever, in viev of the extensive petro-
chemical activity bordering the Caribbean, chances are very high that
hydrocarbons are being dissolved in surface sea-water throughout the area.

6.3 Consideration of the deep water

In section 3.2 we discussed the problem of renewsl of deep water in
the Caribbean basing, and pointed out that apparently very little renewal or
flushing occurs. Thus pollutants that find their way into this water will
not be flushed out. Perhaps we could adopt the perverse attitude that if
ve dump materals into these t~sins, at least we are localizing the dump;
hovever, if pollutants are added in sufficient amounts, they could create
severe problems and eventually even cause anoxic conditions. .

The mechanisms by which pollutants can find their way into the deep
water during a relatively short time include:

(i) As part of the suspended or nepheloid material that gradually sinks
toward the bottom water. Pollutants such as pesticides or heavy
metals absorb very easily on the high surface area presented by
these fine particles and can be transported down as part of the
absorbed phase.

(ii) As part of the sinking and decaying fragments of dead marine organisms
vhich either ingested the material at the surface or absorbed it fronm
the digsolved phase.

Much of this material would eventually be transported to the sediments,
but. as organisms decay, a gignificant portion would be returned to the
dissolved phase. The decay of any labile organic material will deplete the
amount of dissolved oxygen, which could eventually result in anoxic
conditions. Worthington (1955a) postulated that natural processes had
depleted the dissolved oxygen in the deep Venezuela Basin by 0.3 ml 11, or
approximately 6%, in about 20 years. Addition of large amounts of material
derived from human activities could significantly increase this rate so that
vhatever renewal occurs could not keep up, and anoxic conditions could prevail.

We do not know just huw fragile the deep-water system of the Ceribbean-
Gulf of Mexicc is; however, until wve do, great care should be exercised and
we should attempt to learn more about the entire system so that we can use it
to our maximum advantage while still protecting it.

T. Summary and Conclusions

In this paper we have discussed the basic oceeanography of the
Caribbean and Gulf of Mexico as it relates to marine pollution. We have
geen that Ceribbeen-Cul? of Mexico pollution could have sources far from that
area, and pollution in the area could affect vast areas of the world's oceans
and shorelines. At the beginning of the paper, the need for international
programmes in pollution monitcriag, control and abatement was mentioned, and
I hope that that need is more clear to us now. If anyone can have an impact
on starting such programmes, it is those, such as the participants in this
Workshop, who are closely involved with various governments and their
pollution control agencies, which should be urged to consider such programmes
for wvhich the reading of the chapter entitled "Design of a World Monitoring
System" by A.J. Lee et al. (1972) in "A Guide to Marine Pollution" is highly

recommended.



-58_

There are no similar data on dissolved hydrocarbons in the Caribbean
Sea; not even background data. However, in view of the extensive petro-
chemical activity bordering the Caribbean, chances are very high that
hydrocarbons are being dissolved in surface sea-water throughout the area.

6.3 Consideration of the deep water

In section 3.2 we discussed the problem of renewal of deep water in
the Caribbean basins, and pointed out that apparently very little renewal ox
flushing occurs. Thus pollutants that find their way into this water will
not be flushed out. Perhaps we could adopt the perverse attitude that if
we dump materals into these basins, at least we are localizing the dump;
however, if pollutants are added in sufficient amounts, they could create
severe problems and eventually even cause anoxic conditions.

The mechanisms by which pollutants can find their way into the deep
wvater during a relatively short time include:

(i) As part of the suspended or nepheloid material that gradually sinks
toward the bottom water. Pollutants such as pesticides or heavy
metals absorb very easily on the high surface area presented by
these fine particles and can be transported down as part of the
absorbed phase.

(ii) As part of the sinking and decaying fragments of dead marine organisms
which either ingested the material at the surface or absorbed it from
the dissolved phase.

Much of this material would eventually be transported to the sediments,
but, as organisms decay, a significant portion would be returned to the
dissolved phese. The decay of any labile organic material will deplete the
amount of dissolved oxygen, which could eventually result in anoxic
conditions. Worthington (1955a) postulated that natural processes had
depleted the dissolved oxygen in the deep Venezuela Basin by 0.3 ml 171, or
approximately 6%, in about 20 years. Addition of large amounts of material
derived from human activities could significantly increase this rate so that
vwhatever renewal occurs could not keep up, and anoxic conditions could prevail.

We do not know just how fragile the deep-water system of the Caribbean-
Gulf of Mexico is; however, until we do, great care should be exercised and
we should attempt to learn more about the entire system so that we can use it
to our maximum advantage while still protecting it.

T. Summary and Conclusions

In this peper we heve discussed the besic oceanography of the
Caribbean and Gulf of Mexico as it relates to marine pollution. We have
seen that Caribbean-Gulf of Mexico pollution could have sources far from that
area, and pollution in the area could affect vast areas of the world's oceans

and shorelines. At the beginning of the paper, the need for international
programmes in pollution monitoring, control and abatement was mentioned, and
I hope that that need is more clear to us now. If anyone can have an impact

on starting such programmes, it is those, such as the participants in this
Workshop, who are closely involved with various governments and their
pollution control agencies, which should be urged to consider such programmes
for which the reading of the chapter entitled "Design of a World Monitoring
System" by A.J. Lee et al. (1972) in "A Guide to Marine Follution" is highly
recommended.
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Table 1

CHARACTERISTICS OF TEE WATER MASSES IN THE BASINS OF THE CARIBBLCAN SEA

Type of water Origin Temperature : Salinity Oxygen Silicate
v % /o0 mi 171 m

Subtropical At the surfeace at 22 to 24° © 36.80 to 37.02 4,2 to 4.5 |1.0 to 2.0

Underwvater 20° - 25% & 55% i (maximum)

(100 to 175 m)

18°¢ Sargasso Sea At the surface of the 17.9 R 0.5° 36.50 ¥o.2 Maximum 5.0 | 3.9 to 6.0

Water (175 to Sargasso See in winter inversion

300 m)

Subentarctic Inter- At the surface at 6.5 to 7.5° 3%, 74 2.86 to 3.10} 23.0 to

mediate Water 60°3 ¢ (minimum) (ninioum) 27.0

(700 to 750 m) é

North Atlentic Flow over the Jungfern ¥.1° 3k.98 k.9 to 5.1 |23.0 to(l)

Deep Water Overflow Sill into the Venezuela 25.0

(1800 te 2500 r) Basin |

Bottom Water Rate of renewal unknown L.1° 34.08 4.9 to 5.1 |27.0 to(l)

30-0

Notes :

silicate (15 um) as is found in deep Atlantic weter.

{1) In the Cayman Tréugh the water below 4.1°C in temperature contains as much

19
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Fig. 8 Diagram of the surface circulation pattern of the oceans (dfter
Dietrich, 1963). The names of major currents are given in the
Table next to this figure according to the numbers in the figure.



Toble 2

KEY TO THE CURRENTS SHOWN IN FIGURE 8

1-5

12
11
12
13
1k

15

RORTH AND SOUTH EQUATORIAL CURRENTS

KUROSHIO

EAST AUSTRALIA CURRENT

GULF STREAM

BRAZIL CURRENT

AGULHAS CURRERT

NORTH PACIFIC CURRENT

NORTH ATLANTIC CURRENT
ANTARCTIC CIRCUMPOLAR CURRENT
CALIFORNIA CURRENT

PERU CURRENT

19 -

16
1T
18
21
22
23
2L
25
26

27

28

29

CARARY CURRERT
BENGUELA CURRENT

WEST AUSTRALIA CURREKT
EQUATORIAL COUNTERCURRENTS
ALASKAN and ALEUTIAN CURRENTS
NORWEGIAN CURRENT

WEST SPITZBERGEN CURRENT
EAST GREENLARD CURRENT
LABRADOR CURRERT

IRMINGER CURRENT

OYA SHIO

FALKLAND CURRENT

oL
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Sea-surface contours of mean salinity in the Caribbean Sea between
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1. Introduction

When compared with other maritime regions near populated areas of
highly developed technology, our knowledge of the waters of the Gulf of
Mexico could be qualified as reasonable in many ways. The first
comprehensive study of the ocearography of the CGulf was made by Parr (1935)
based largely on data gathered by the “"Mabel Taylor" Expedition in 1932 anid
the "Atlantis" cruise of 1934, From then on the oceanographic investigations
of the Gulf have progressed at an ever-—increasing rate, especially in the
post-war years, as a consequence of the general interest in ocean sciences and
the expansion of the marine science institutions in the Culf region.

In recent years these efforts have culminated in the field operations
carried out through the international venture known as the IOC's Co-operative
Investigations of the Caribbean and Adjacent Regions (CICAR). With the
purpose of co-ordinating their efforts in space as well as in time, the CICAR
member states have, since 1971, made observations along pre-established
standard oceanographic sections and during previously agreed periods: the so-
called CICAR Survey Months. By this system a synoptic or quasi-synoptic
coverage of extensive areas within the Gulf has been obtained for the first
time.

The results of these investigations were given at the CICAR-II
Symposium, 12-16 July 1976, Caracas, Venezuela, where new discoveries were
presented, nany of which are of fundamental importance to our understanding of
the circulation and water exchange in the Gulf of Mexico and adjacent areas.

A volume of ubstracts has already been published (Stewart, 1976) and the
Proceedings of the Symposium will soon be published jointly by Unesco and FAO.
Besides older sources, these recent findings have been used in the elaboration

-
of the present report.

Thanks to the intensive work of oceanographic institutions in the
United States of America, in particular those in Texas and Florida, our
knowledge regarding the water movement in the entrance ares and the eastern
part of the Gulf has been greatly increased. The western and scuthwestern
parts of the Gulf have also been subject to systematic studies in recent years
thanks to the work carried out by Mexican institutions as vell es those of the
USA and USSR. Through these investigations our understanding of the wvater
exchange betveen the eastern and vestern Gulf has received a strong impetus,
although this central aspect of the Gulf oceanography still remains rather
obscure.

Regaréing the theoreticel studies of the circulation, attempts have
been made to account for the observed phenomena by mearns of mathematical
models, like those of Paskausky and Reid (1972) and Wert and Reid (1972).
Physical models such as the one presented by Ichiye (1972) have also been
constructed. Such models fairly represent the observed circulation patterns,
but owing to the complexity of the dynamics of the Gulf waters, that is the
interaction between the wind-induced, the geostrophic, and thermohaline and
diffusive transports, many problems remain unsolved.

2. Dimensions and Configuration

The area of _the Gulf of Mexico is about 1.5 x 106 km® with a water
volume of 2.3 x 10° km3 (Bialek, 1966). In this respect it is about 3/5 the
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size of the European Mediterranean but with a similar average depth of
1,500 retres. The east-west Jdimension of the Gulf is about 1,600 km which
is 2/7 that of the Atlantic Ocean at similar latitudes. The western part
of tke Culf has a north-south extension of 1,300 km while its central and
eastern portion has one of about 90C km.

The bathymetry of the Gulf is shown in Figure 1. The main basin of
the Gulf is a cul-de-sac that extends from the Yucatan Channel, first north
and north-east, then west and finally south. The basin has an average
depth of 3,000 metres. It is connected to the Cayman Sea in the southeast
through the Yucatan Channel with a sill depth near 2,000 m., and to the
Atlantic through the Straits of Florida which have a sill depth of A00O
metres. The basin is surrounded by three wide shelf areas: the Vest
Florida Shelf, in the east, the Texas-Loulisiana Shelf in the northwest and
the Czmpeche i‘ank in the southeast. Near the extreme west and south end of
the basin, off the east coazt of Mexico, the contirental shelf is very narrow.

The Gulf lacir is often thought of as havirg two separate operings.
It should however Le torne in mind that, except for the surface layer down to
50 m. deptn, 8ll flow in, 2= well as out, must go through the yassage nearly
160 rauticel miles wile tetween the northeasterrn =dge of the Tamreche Tank
end the southwesterr. corner of the Vest Tlorida Chelf.

Corpared with the Caritlean Teu, the Gulf has a quite repular and
clzar-cut bottom configuration in gemeral, however, while the Carivbean and
the Cayman Seas may be looked ujorn as a channel with several cperings, the
Gulf of Mexico is a semi-closcd area, witl relatively narrow openings. In
splte of this limited connection to tihe adjacent ccean arcags, the Gulf wuters
at a1l depths are very similar tc tle Tariltean waters, as shown by tuaeir T-C
characteristics and the high oxygern content of ithe deep waters, indicating a
high rate cf water exchange. }No loubt this intense communication is due to
the kinematic conditions at the entrance where the swift north-Tlowirng
Yucatan Current, after meandering, ic forcnd eastwardes into the Ctraits cf
Florida.

3. Korizontal Circulatio:l
The classical circulaticr pattern is stouwn in Pipures 2 and 3. The
inforimation in these mars is derived fror navigatior rzcorids cof ships sailing
gre

in the Gulf over many yesrs and presentcd on tle pilot charts that
rutlished regularly by the U.[, daval Oceanographic Nffice. These mars show
the north-flowing Yucatan Current sprealing out in various directicns; to

the west over the Campeche Bank; ncrtrwards towards the Texas-Louisiana shelf
and eastwards into the Ztraits of Florida. In the eastern central Gulf the
Yucatan Current is shown to turn clockwise znl then flow to the east and south-
east towards the Ttreits of Florida. Lerge cyclonic gyres sre indicated in
the southwestern Gulf snd the west Florida Thelf, The current speeds range
from the peak of 1.5 knots (atout 35 nautical miles per day) on the west side
of the Yucatan Channel to about 9.2 knots (about 5 nautical miles per day) in
different ereas in the western Gulf. The maps show little difference lLetween

the summer and winter circulation patterns.



Fig. 1 Bathymetry of the Gulf of Mexico based on U.S. Coast and
Geodetic Survey Chart 1007 and soundings on file at the
Department of Oceanogrephy, Texas A & M University.

{from Nowlin, 1072.)
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Fig. 2 Surfoce ocean currents in the Gulf of Mexico in Jume.
(From Leipper, 1954.)
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Surface ocean currents in the Gulf of Mexico in December.
(From Leipper, 1954.)
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As Leirrer (1254) has stated, there is probably no part of the world
oceans of comparable size to that of the Gulf of Mexico where there is such
a1 wide difference of opinion concerning the specific current regime.
Sverdrup et al. (12h2:641) state: "In the Gulf of Mexico several large
eldies exist, ard all of these appear to be semi-permanent features, the
locations of which ar= determined by the contours of the coast and the
configuration of the tottom."  Considering the precarious data on which it
was based, it is indeed remarkable that the studies during the 34 years
since its publication have coanfirmed this statement by bringing out the
evidence that thers exists no such thing as stable climatological current
ratterns for the 1lifferent seasons in the Gulf. Tt seems more likely now
that certain recurrent features develop, move along and disappear in a long
and varying chain of events. The investigations that pointed firmly in this
direction were those conducted by the U.S. Fish and Wildlife vessel "Alagka"
in the summer of 1951, providing the first complete oceanographic coverage of
the Gulf (Austin, 1955). Figure 4 presents the dynamic topography of the
sea surface relative to the 1,000 decibar surface. This mep shovs the Gulf
filled with "highs" and "lows" in an apparently random fashion and when it
vas first published many believed that this confused pattern was simply due
to the fact that the three cruises that were needed to cover the whole area
by a single vessel over the period from April 22 to August 21, were too large
for a synoptic representation. Later studies have shown, hovever, that the
appearance of such highs and lows, and their displacement in a more or less
random fashion within a certain range of variability, is the rule for the
central and the western parts of the Gulf of Mexico. Assuming geostrophic
equilibrium, the contours of the dynamic topography represent the lines and
direction of flow, as indicated on the maps. The validity of this assumption
in the case of such topographically confined areas as the Gulf may be
disruted, but current observations by the G.E.K. and other methods are in
agreement with the dynamic topography, at least as regards the direction of

cT 4

the flow,

3.1 The eastern Gulf

The dominating feature of the dynamic topography shown in Figure b4 is
the "high" with closely spaced contour lines situated to the northeast of the
Yucatan Channel. This topographic feature reflects the Yucatan Current and
the anticyclonic loop that issues into the Florida Straits. As Nowlin and
McLellan (1967) and other authors have pointed out, this loop is the primary
current in the Gulf of Mexico, and is now usually referred to as the Loop
Current. Besides its effects on the dynamic topography, the presence of the
Loop Current is also revealed by the temperature distribution and it has been
shown by Leipper (1970) and others that the topography of any isothermal
surfaces between about 10° and 22°C is a good indicator of the geostrophic
current regime in the eastern Gulf.

The position and extension of the Loop Current is highly variable. On
several occasions a large anticyclonic eddy, some 200 km in diameter, has been
observed to separate from its northern portion and move westwards. Leipper
(1970) has proposed an annual cycle for the Loop Current. He finds that the
current path advances northwards during spring; then, during summer and
autumn, it srreads westwards to form an anticyclonic eddy before it recedes to
a minumum extension during winter. A similar annual cycle has been found by
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Molinari (197€) by using the climatological temperature data compiled by
Robinson (1973). The monthly position of the current axis as found by

Molinari (op._cit.) is shown in Figure 5. Recent investipations have shown,
however, that such a climatological cycle is marked by a random variability
from one year to another. For exarple, in agreement with the proposed

annnal cycle, the Loor Current extended far into the Gulf during July-August
19071, as shtowr by the topograrhy of the 20°C isotherm in Figure 6. On the
other hand, in August 1975 the Loop Current had receded to a climatological
winter position (Figure 7). Another examrle of such inter-annual

varistility is seen in Figure 8, when the northern portion of the Loop Current
has given rise to a large anticyclonic ring already in April-May 1972,

whereas in May-Tune 1975 the current npatbh has advanced only moderately

(Figure 0).

In the Yucatan Thannel the core of the current is normally situated
near the western torder. During the summer a weak counter-movement is
observed near the eastern side off Cuta. On some occasions, however, this
counter-current has been otserved to pick up strength and to occury a wide
vortion of the channel.

In August 1971, during one of the Mexicar CICAR Survey Month cruises,
the present author (Emilsson, 19T1) observed such a south-setting current
vhich, at the speed of 0.5 knots, occupied the whole eastern half of the
channel while the Yucatan Current was flowing at some 3 knots in a
relatively narrow band near the edge of the Yucatan shelf. Iline months later
we returned to this area only to find the normal situation with no vestiges of
a counter-current, whatsoever.

Regarding the origin of such sporadic counter-movements, one may
speculate on this relation to the Loop Current further to the north. As shown
in Figure 6, in August 1971 the Loop Current was well developed and had
aprarently not lost any energy to a detached eddy, so that on its return south-
wards the central part of it might simply "overshoot" and, instead of turning
towards the Florida Straits as it normally does, it had formed a large
elongated gyre with its southern apex in the Cayman Sea.

Such a hypothesis receives a certain support from the principles of
conservation of momentum and vorticity, but we should leave that question to
the model-builders.

3.2 The central and western Gulf

It has been suggested that the large anticyclonic eddies that break off
the northern portion of the Loop Current serve as a link between the
circulation in th= eastern and the western Gulf. According to Elliott (1976),
these anticyclonic eddies affect the circulation at least to 1,000 m depth and
carry some 100 x 1022 ergs of kinetic and potential energy derived from the
feeder current. In this way the Gulf serves as an energy sink for the western
boundary current in the North Atlantic. The anticyclonic eddies have been
observed to move westwards at the rate of 50 nautical miles per month in the
central ares and slowing down t0 soiie 20 nautical miles per month as they
advance into the western Gulf,
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Vazquez (19T4) has investigated the life history of such an eddy in
the western Culf on the basis of the Mexican CICAR data (Figure 10). He
finds that the centre of the eddy moved from the central area towards the
coast of Tamaulipas, Mexico, in one year at an average speed of 20 nautical
miles per month. On approaching the coast the current velocity in the
western sector of the eddy increased to 1 knot probably as a result of the
reduced cross-section between the centre of the gyre and the shelf.

In the southwestern area of the Gulf a cyclonic gyre is apparently
aelways present in one form or another, as shown in Figures 3, 4 and 10, but
it d0es not always cover the entire Campeche Ray. In particular, on the
extensive shelf area to the west of the Yucatan Peninsula a weak south-west
current has been obtserved occasionally, probably in response to the wind

stress.

Regarding the current velocity of the cyclonic gyre in the Campeche
Ray, Fmilsson and Mancilla (1976) have inferred from drift bottle
experiments a reriod of approximately 100 days for a complete cycle, which
corresponds to a drift velocity of some 10 nautical miles per day, or half a
knot, on the average.

We bave here presented evidence that the antieyclonic gyres hatched
by the Loop Current play an important role in the circulation of the west
Gulf by migrating westwards. Otherwise there seems to be little connection
between the circulation regimes of the western and the eastern areas of the
Gulf, Other factors being weak or absent, the wind stress, with its
temporal and spatial variation, becomes the dominating one in the west.

3.3 A western btoundary current in the Culf of Mexico

It has bteen said that the Gulf iS a water body large enough to behave
like a mid-latitude ocean and yet small enough to serve as a natural
laboratory. Taking advantage of this circumstance, Sturges and Rlaha (1976)
have recently compared the circulation in the western Gulf with that of the
Horth Atlantic at similar latitudes and have postulated the existence of a
western boundary current in the Gulf, a sort of miniature Gulf Stream system.

They found that many features of the observed density distribution and
tidal heights in the Gulf of Mexico indicate that t .e Gulf contains a western
boundary current and an interior flow field remarkably similar to the
prirripal mid-latitude anticyclonic gyres,

They point out that the Gulf of Mexico is driven by a wind-stress curl
similar to that of the central North Atlantic and that ghis current, analogous
to the Gulf Stream, has a transport of at least 10 x 10° m3 sec™l (10 sverdrups).
The curl of the wind-stress in the Gulf of Mexico is comparable with that of
the winds driving the Gulf Stream system for six months of the year. As
m2ntioned above (p.83) the east-west extension of the Gulf is about 2/7 the
width of the Atlantic at the same latitude, hence the integrated transports
will be reduced accordingly.

The response to the changes in the wind field seem o be fast and
similar to what has been observed in the western Indian Ocean where the
Somali Current responds to the onset of the Monsoon winds. VWhether the north-
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floving current in the western Gulf can be accounted for as a western
boundary current remains to be investigated in greater detail.

3.4  The shelf and near-shore circulation and diffusion

Over the three wide and shallow shelf areas in the Gulf the wind
stress is particularly important, and close to the shore it outweighs the
coupling effect of the general circulation over the deep areas. Tidal
currents are also of considerable consequence because, although the
astronomical tidal ranges are small in the Gulf, the tidal currents are
relatively strong over the outer fringes of the shelf areas owing to the
great amounts of water that must pass across the shallow cross-section in
order to cause the changes in sea level at the chore.

Entrainment and drag effects near the major river outlets are also of
importance for the circulation off the adjacent shorelire, in particular
during periods of intense discharge from the rivers. An example of such an
effect has been reported by Emilsson et al. (1973) near the Panuco river
outlet on the central Gulf coast of Mexico (City of Tampico). In this area
the shelf is narrov and the offshore current sets to the north as part of
the anticyclonic gyre (or the vestern boundary current). Close to the
shore, hovever, to the north of the river mouth the water was moving
steadily to the south towards the plume of the river during the 15-day
period of observation. This example shows also that information on the
circulation over the deep-water areas, when extrapoleted into the near-
shore zone, can be very misleading.

All along the shores of the Gulf there are many bays and lagoons
which have relatively restricted outlets to the outer sea. In such channels
the tidal currents may become quite sirong particuiariy midway between high
and low water. Under these circumstances, the tides, together vith the run-
off from surrounding land areas, maintain the flushing of the land-locked
water body. During the dry season the tidal movement becomes the sole
factor; and where the tide is diurnal and of low range its effects are too
small to counter the littoral transport of sediments, with the result that the
outlet closes, as is the case for many of the coastal lagoons on the coast of

Temaul ipas, Mexico.

b, Vertical Advection and Mixing

4.1 The surface layer

The surface layer in the Culf of Mexico is highly stratified, in
particular in the western and central regions. Over the deep Gulf the mixed
surface layer barely reaches 30 m in swmmer, whereas in winter it may increase
to some 75 m. As a result of this stratification, a thin layer with super-
saturated values of oxygen is often observed during spring and surmer at
depths of 30 to 50 m, just above the top of the oxygen-minimum layer. This
supersaturation, produced by photosynthetic activity below the nutrient~poor
and transparent surface waters., could not be maintained under the influence
of active vertical mixing and advection. On the other hand, during the
vinter the reduction in temperature and increase in salinity by excessive
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evaporation produce convection that deepens the mixed surface layer, with
the result that the high-oxyren layer erodes and disappeears, and some
nutrients are brought te the surface.

Strong winds, like hurricanes and northerlies, produce vertical
mixing, in particolar when the static stability near the surface has been
reduced by cooling. On the other band, hurricanes tend to produce
divergence in the surface layer accompanied bty an ascent of the thermocline,
with the result that the thickness of the mixed layer remains practically
unchanged, with reduced temrerature however.

The present author has observed a similar mechanism in the case of a
strong northerly wind blowing over the western Gulf. Before the onget of
the northerly there was a homogeneous surface layer 25 m thick with a
temperature of 27.5°¢. After the northerly, the homopeneous layer remained
25 m thick although the temperature fell to 26°c¢. At the same time the
thermocline had ascended some 12 m.

Figure 11 shows the temperature (a) and the density (b) in the surface
layer as a function of depth and time, in the southwestern Gulf (22°71~94°11)
over a one-ye>r reriod from 8§ November 1970 to 3 November 19671, based on
data obtained from the Mexican research vessel "Cadete Virgilio Uribe”. On
the occasion of the first cruise the homogeneous top layer had reached 50 m
depth with a temperature about 26.5°C and a strong thermocline (the first
northerly wind of the season had already passed some days tefore the
observation). In January the temperature had fallen to 24.5°C but the
thickness of the top layer had been reduced slightly or was practically
unchanged, as a result of the ascent of the thermocline, in compensation for
the horizontal divergence in the surface layer. On the other hand in spring,
by the end of the season of northerly winds, the isotherms can be seen %o
spread out and the thermociine to weaken. Based on these and other criteria.
Soviet oceanographers have constructed maps indicating vertical displacements
in the upper 200 m in the Gulf of Mexico, as shown in Figure 12 (VNIRO, 1967).

In the shelf areas of the Gulf, vertical movements are also quite
restricted. Near the large rivers the stakbility is increased by the outflow
of fresh water. The vertical diffusivity is also reduced by the small
vertical dimension. Over the wide and shallow bank to the west of the
Yucatan Peninsula (Campeche), the salinity increases to 37-38°/oo during
wvinter and spring owing to the excess of evaporation over precipitetion end
run-off, s situation which indeed prevails over the whole Gulf area in these
geasons. The accumulation of such high~salinity water over the shelf
indicates that the water exchange, by advection and diffusion, with the
adjacent deep area is quite small. On the other hand, the salinity-induced
increase in density of the shelf water may produce ephemeral sinking near the
edge, to depths greater than that of the mixed top layer over the deep Gulf,
Such processes have been shown to take place over the shallow platform that
borders the south coast of Cuba in relation to the deep areas in the Cayman
Sea (Emilsson et al., 1971).

.2 1lhe deep lgxérs and_the basin waters

The vertical thermohaline structure, as well as the distribution of
dissolved oxygen, indicate that the water masses in the Gulf above the sill
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Fig. 12 Regions in the Gulf of Mexico with sinking (¢) and upwelling (4)
in the upper 200 m, during summer (A) and winter (B).
(After VNIRO, 1967)
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depth (some 2,000 m) are permanently stable and that no major vertical mixing
or diffusion takes place. Throughout the Gulf we find a layer of maximum
salinity with its core at about 36.5%°/00 between 100 and 200 m. deep. This
is the so-called subtropicel underwater that has its origin at the surface in
tE§ subtropical regions of the North Atlantic (see, for example, Nowlin, 1972:
au4).

The subtropical underwater layer in the Gulf is only intercepted along
the eastern edge of the Campeche Pank where, for dynamic reasons, it reaches
the surface and mixes with the top layer. Therefore, this area is the only
place in the Gulf where deeper waters can be expected to move continuously up-
wards and bring nutrients in considerable quantities to the surface layer.
Other areas, where the salinity maximum has been found occasionally to come
close to the surface, are found in the southernmost part of the Campeche Bay,
of f the Texas Shelf and the West Florida Shelf.

Relow the sill depth there is neutral stability and the fact that the
basin waters in the Gulf are well ventilated, with oxygen contents slightly
above 5 ml 171, as on the sill in the Yucatan Channel, shows clearly that
vertical movements must take place in the besin.

On the other hand, the T-S-0 relations in the deep layers of the Gulf
show water masses that are practically identical to those found at similar
depths in the Cayman T"ea, =2 fact that leads to the conclusion that the water
masses above the sill depth in the Gulf move only horizontally, with
insignificant vertical mixing. This places the Gulf in a unique position
among semi-enclosed hasins in the sense that it is well stratified and yet
eact layer, even telow the sill, exchanges water with the exterior at a
considerable rate. This circumstance can only be accounted for by the
configuration of the entrance and of high energy waters that are present there.

5. Vater Ralance and Transport in the Gulf of Mexico

5.1 Yater btalance

Many investigators have attempted to estimate the global water balance
of the Gulf. Maul (1976) has summarized these estimates. The mean run-off
from land (R) is found to be T1.5 cm per year. Single values vary from
50.5 cm per year in 1963-1965 to 105.4 ecm per year in 1973. For the
evapiration-less-precipitation term (F-P), Maul gives a mean of 78 cm per year.
Singie values vary from 35 cm per year to 121 cm per year. Thus the Gulf is
estimated to be a net evaporation basin, under average conditions, with

P - (R -PFP) = =-€.5cm. per year

which means that, if the average values are close to reality, it would take
about 3,700 years to reduce the water level by 200 m and 23,000 years to

eliminate all water from the tasin. Therefore, in view of the small vealue
and the uncertainties that still exist in its determination, we may consider
the annual water talance to be zero. This is to say that, if the Gulf were

closed at its entrance, the mean annual level would remain stationary, which
would make the Gulf unique among semi-enclosed basins in yet another sense.
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Although the water level would remain stationary, a lot of other factors would
change drastically with time under such isolated conditions. TFirst of all,
surface vaters over the deep Gulf would start to sink deeper and deeper as
salinity increased by evaporation, and the present stratification would
disappear in a relatively short time. Through drainage from land, dissolved
salts and man-made contaminants would concentrate in the Gulf waters and
considering that some 70% of all run-off from the United States territory and
helf of that from Mexico ends up in the Gulf, the increase in contaminants
would be very fast indeed.

5.2 Horizontal transport

Geostrophic calculations and direct observations have so far failed to
give a consistent scheme of the inflow through the Yucatan Channel and the
outtlow through the Flgrida Straits. The average value for bhoth passages is
about 30 sverdrups (10 m3 secl), Observations show that there may be a
variation of at least - 5 sverdrups (Niiler and Richardson, 1973).

Simultaneous measurements in the two passagees have so far piven quite
contradictory results, showing an imbalance of 5 or more sverdrups which by the
principle of continuity cannot exist for any length of time because it would
change the sea level over the Gulf by about 30 em per dey on average.

Although the Gulf serves as a buffer for small differences between the inflow
and the outflow, differences of this magnitude would create a pressure field to
restore the equilibrium.

We heve seen that the path of the Loop Current changes its features
quite frequently by penetrating northward and then retreating, often hatching a
large eddy in the process. Transport estimates for the Loop Current give an
average of 30 sverdrups, and interestingly enough the detached eddy has also a
similar transport around its centre, as shown by Merrell et al. (1976). As
the eddy moves vestwards it displaces the resident waters which must then leave
the Gulf area. It may be estimated that a normal size eddy of 180 km in
diameter, say, constitutes some 3% of the water in the upper 1,000 metres of
the Gulf, so that 30 such packets would be needed to replace the entire layer.

For the western Gulf, Vazquez (1976) has calculated geostrophic
transporis of 10 sverdrups in the anticyclonic gyre which is about one third of
vhat the original eddy was moving at the time of detachment. For the Campeche
Bay we have, using the Mexican CICAR data, calculated the geostrophic transpori
of the cyclonic gyre to be near 5 sverdrups around its =entre.

6. Concluding Remarks

Our knowledge of the circulation and transport in the Gulf of Mexico has
advanced considerably in the last few years. More is known than before about
the features of the current system in general and its variability which has
proven to be so large that it becomes in many ways meaningless to talk of
average climatological conditions; it would be more realistic to assess the
probahility parameters of transport and circulation patterns. More hac been
found out ebout the dynamics of the high energy area at the entrance of the
Gulf: howv the large anticyclonic eddies are hatched by the Loop Current and
how they take with them mass,heat, as well as kinetic and potential energy,
from the Loop Current into the western part of the Gulf.
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It has also been established that communication between the
different layers is very limited within the Gulf proper so that, with the
exception of the upper 200 m layer, the water masses enter and leave the
main purt of this semi-closed basin without suffering any major
transformation. Turther, dynamic considerations, &8s well as theoretical
and physical models, have helped us to understand partially how this
intricate mechanism works. Yet, in spite of these advances, we have to
confess that we still know very little about the quantitative aspects of
many of the tasic processes. We urgently need to learn more abtout:

i) the rate of water exchange btetween the Gulf and adjacent areas;

ii) the rate of exchange between the different areas within the Gulf
and between the different layers;

iii) the exchanges and interaction with the atmosphere ead the
surrounding coastal area.

We need further to understand the role of the Gulf Stream system and
its effects, direct or indirect, on the circulation in the Worth Atlantic.

Pesides the technique of direct simultaneous measurements, we have now
at our disposal the remote scanning of satellites which have been proven of
the utmost utility in detecting, for example, small- and medium-scale
features along the rlanks of the main flow. More elaborate studies using
the salt and water balance, as well as natural or artificially introduced
trace elements, would also move us closer to full understanding. The
waters from the surrounding lands carry into the Gulf large amounts of
dissolved substances. Many of these elements are chemically persistent as
well as recognizable. Such contarinants, since they are around anyhow,
could ve taken advantage of as tracers, and ultimately used for the
evaluation of water exchange within the system.

The problem of contamination and renewal of the Gulf waters is still
another testimony of the global importance of oceanographic research, since
it cannot be considered of interest only for those who live in the area or
exploit the resources of the Gulf. Besides, owing to its geographical
situation and adequate size, the results obtained in the Gulf can be
extrapolated to other parts of the world ocean. Therefore, the
investigations on the Gulf of Mexico are of universal interest.
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1. Introduction

Research on trace elements has met with strongly groving interest in
recent years. This is partly a consequence of & concern for the
protection of the environment, and of increasing awvareness of the role of
trace elemeits and their effects on living organisms.

The identification of potentially toxic levels of trace metals in .
the morine environment is difficult, inaamuch as the natural levels of these
materials ere poorly known.

Relatively high trace metal inputs from human activities into
estuarine and coastal waters have been observed, but lack of baseline data
naktes man—-induced processes difficult to assess. Although some progress
has been made in distinguishing between natursl end human mobilization of
trace metels, the criteria used hitherto are largely empirical and, at best,
subject to doubt in many cases.

The possible short- and long-term effects caused by the introduction
of trace metals into the marine environment are even more difficult to
ascertain oving to our poor understanding of the factors that regulate their
fate in the oceans. It is clear that o great deal of research still hes to
be done on the effects of enhanced concentrations of trace metals on aquatic
ecosystenms. Fortunately, the development of nev and improved analytical
Bethods has made it possible to study and monitor trace metals at extrem:ly
lov concentrations.

2. Trace Elements in Nstural Yaters

Trace elements are presemi in najtural wagers in concentrations of
oicrogrammes or lecs per litre (Table 1). These elements have chemical
properties deceribed as metallic, non-betallic and anphoterlc. The tern
"heavy metals" essenmtially implies those elements that in the metal form
shov specific weights above 5.

Most of the biologically active as well as potentially toxic heavy
netals are members of the family of elements known as the transition series
in the periodic table (Table 2). Trensition metals have meny properties in
cox=on, because of their similer valence electron comfiguration; they are
h;thy reactive and are therefore accumulated in authigenic minerals and
organisms in the aguatic environment.

lost of the potentially texic trace elements listed in Table 1 are
transition metals from the first series. However, some of them, such as
copper and zinc, are uniquely qualified as effective catalysts in biological
systems at very low concentrations. Cther transition elementn, such as
silver, cedmium and mercury, are foreign o metabolic functions in organisms,
and a hazard to huaan health. Another metal of great concern is lead,
because additions by ma: (o the marine habitet exceed those mobilized
naturally. The impact of these lead additions ie unknown, but could affect
organisms both gomatically and genetically.

Vith regard to the non-metellic and amphoteric elements, our attention
has been focussed particularly on arsenic and selenium. These elements can
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Table 1

Concentration of potentially toxie trace
elezents in natural vaters (1)

Elezent | Concentration (ug 17%)
Oceans Rivers

Silver (Ag) 0.28 0.3
Arsenic (As) 2.6 2
Cadmium (Cd) 0.11 . N.D.(2)
Chromium (Cr) 0.2 1
Copper (Cu) 2 7

' Mercury (Hg) 0.15 0.07

;;;mickel (Ri) 2 0.3

| Lead (Pb) 0.03 3

;.enadiuz (v) ! 1.9 c.5

gzinc (Zn) ) 2 20

I8 |

Notes: (1) From Skinner and Turekian (1973).

(2) R.D. : No date or reasonsble estimstes available.
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be mobilized vithin the equatic enviromment by micro-organisms, thus forming
organo-non-tietallic compounds which may be of ecological significance
{Jernelov ard Martin, 1975).

The state of trace eclements in natural voters has been the focus of
interest of chemical as veil as biological studies (Stumm and Bilinseki,
1973). It is usually very difficult to establish the prevalent metal
species present in natural waters. Data on the formation of labile and
non-labile complexes between trace metels and the major inorganic components
in aquatic systems was reported by Gardiner (1974), Chau and Lum Shue Chan
(1973). On the chelation of trace elements by naturally cccurring organic
eatter, no soluble chelates have been detected by any direct method, nor
have they been isoleted from natural waters (Bertine and Goldberg, 19T1).

Metal-complex formation in the aquatic environment could have
important consequences, both regerding toxicity to aquatic organisms, and
the extent of their disappearance from solution by precipitation and
adsorption.

3. Transfer Psthways

In the absence of human ectivities, weathering and vulcanism are the
principal pathways that trace elexents follov from the continents to the
oceans. Cultural sources of trace elements introduced into the marine
environment ere land erosion, caused by its intensive use, and the disposal
of wvastes.

In Table 3 are shown the fluxes of materials mobilised by mature and
by man to the oceans. The mass of continental materisl moved to the oceans
by rivers, winds and glaciers is estimated to have increased from 9.3 x 10
tons per year to 24 x 109 tons per year (Judson, 1968), and the quantities
of the trace elements have probably increased at least proportionately. It
is also important to point out that the amount of wastes produced by men is
about one-tenth of that involved in the already modified weathering process.

3.1 Streams

The role of rivers in transporting materials from the continents to
the oceans seems paramount, being about ten times greater than that of
glaciers, and about one hundred times greater than that of the vinds

(Goldverg, 1976).

The sediment load of rivers is difficult to estimate; however, a
world average of 400 mg 1”1 vas estimated by Turekian (1971). The average
vorld-wide dissolved load, on the other hand, is thought to be about
120 mg 1~1 based on the compilations of Livingston (1963). A summary of
selected deta is presented in Table k.

The trace elsment composition o streams is more difficuit to ascertain.
Hot only is it probable that there are regional variations due to the type of
rocka being weathered, and the degree of weathering, but alao by the no longer

trivial culturel input, Gibbs (1973) identified five mechanisms of trace-
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Table 3

Fatursl and man-induced flux of materials
to the morine environment (1)

Materisls Sources 9 Flux
(107 tons per year)
Particulates + Dissolved Rivers 21.9
Particulates Glaciers 3.0
Hastes (2) Outfalls + ships 3.1
Particulates + Aerosols Atwmogpheric ?
precipitation

Hotes: (1) From Goldberg (1972)

(2) Estimate from tateal wasted
produced by man.
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Table U

Average sucpended and dissolved leoads of streams

in various regions of the United States

compared with the Anagon river

Region Drainage Runoff Average
(x103m2) | (x20151. S .
uspended Dissolved
per year) Load Load

(mg 171) (mg 171)

U.s.

rivers (1) 6,807 1,k85 602 21k

Amazon (2) 6,300 5,500 100 36

Hotes: (1) Proa Judson and Ritter (1964).

(2) PFrom Gibbs (1967).
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metal transport in rivers: (i) in solution; (ii) adsorbed in inorganic
solids; (iii) as metallir: coatings on solids; (iv) in organic solids;

and (v) in detritsl crystalline material. In a study designed to
determine the amounts oZ trace metals transported in the Amezon and Yukon
rivers by each of these mechanisms, Gibbs found similar results for all the
trace metals anblyged. This similaerity is particularly significant since
the two rivers are in extremely different climates and are both largely
unpolluted (Table 5).

Although it is useful to know the average trace metal composition of
streams, it is also necessary to have some idea of the degree of variation
down the length of the siream. This will showv the effect of reactions
within the streams and the effect of man-induced sources.

3.2 Aerial transport

Atmospheric transport of trace elements from the continents to the
oceans and vice-verse is effected by aerosols, particles of sufficiently
small size to remain airborne for long periods of time.

The global dissemination of atmospherically introduced substances
can be initially considered through the main air-mass movements, the
equatorial easterlies, the temperate westerlies, and the polar easterlies.
Superimposed on such psttemsare the smaller-ocale vinds, often arising
from the differing effects of continental and oceanic masses upon air
movements, such as the monsoons.

There are two natural sources of very fine, atmospheric particulates,
sea salts and continental dust. The main portion of the tropospheric
aerosol nags is represented by particles ranging in radius from 0.1 pum to
20 y= (Clough, 1973).

Another source of trace clements on atmospheric particles are high-
temperature processes, either natural (vulcanism) or induced by man. In
both cases the more volatile elements are cmitted either in the gas phase
or on very small particles. Two major contributing sources are the
combustion of fossil fuels and the production of cement. Estimates of the
mobilization of elements from fossil-fuel burning and cement production
have been made by Bertine and Goldberg (1971), and are shown in Table 6.

The trensfer of particles from the atmosphere to the oceans takes
place by gravitational settling (dry fallout) or by means of washout caused
by rain, snow or sleet. In Table T the concentrations of trace elements
in air and in rainwvater are shown (Peirson et al., 1973).

With regard to the distribution of trace elements in the atmosphere,
Bruland et al. (197ha)observed similar covcentrations in atmospheric
samples from the British Isles and California. Moreover, recent work on
Antarctic atmospheric dust samples reveals a close correspondence in their
heavy metal concentrations vith those of the British Izlec and Czlifornia.
This seems to indicate the possibility of a world-wide dust burden in the
atmosphere (Goldberg, 1976).
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- Table 5

Percentages of the totel ezounts of iron, nickel,
cobalt, chromium, copper and manganese
transported by the Amazon river (1)

Mechanism Elerent
Pe Ni Co Cr Cu Bin

In solution 0.7 2.7 1.6 |10.h4 6.9 | 17.3
Adsorbed 0.02 | 2.7 8.0 3.5 k.9 0.7
Precipitated hr.2 | 4,1 | 27.3 2.9 8.1 | 50.0
In orgenic solids 6.5 |12.7 | 19.3 7.6 5.8 h.7
In crystelline

sediments k5.5 | 37.7 | 43.9 | 75.6 [Th.3 | 27.2

(1) From Gidbs (19T3)
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Table 6

Azpounts of heavy metals mobilized into the
atmosphere as a consequence of

hu=an activities compared to those resulting
from weathering (1)

Mobilization (109 z per year)

Element Fossil~fuel | Cement Weathering

River flow Sediments
Silver (Ag) 0.07 - 1 0.03
Arsenic (As) 0.7 3.2 T2 -
Cadmium (Cd) - 0.08 - 0.5
Chrooium (Cr) 1.5 - 36 200
Copper (Cu) 2.1 - 250 0
Mercury (Hg) 1.6 0.1 2.5 1
Hickel (Ri) 3.7 - 11 160
Lead {(Pb) 3.6 30 110 21
Vanadium (V) 12 - 32 280
Zinc (Zn) 7 32 720 80

(1) From Bertine and Goldberg (1971)
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Table

7

Trece element concentrations in air and rain from
Wraymires, England (1)

Concentration

Element ) 1 ' - 1

In air (ng kg ~) In rain (ug 1 7) CF
Arsenic (As) 2.5 1.6 640
Cadmium (Cd) 3.0 - 17.7 6000
Chromium (Cr) 10.6 8.1 810
Copper (cu) 26.0 23.0 880
Mercury (Hg) 0.17 0.2 1000
Lead (Pb) 87.0 39.0 450
Selenium (Se) 0.9 0.34 380
Zinc (2n) 80.0 85.00 1050

(1) From Peirson et al., (1973).
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3.3 Coastal outfalls

The possible short- and long-term effects of the disposal of trace
metals in the coastal environment through outfall systems are a matter of
great concern. Rational management of such disposals is made difficult
by lack of understanding of the factors that regulate the fate of trace
zetals in the oceans (Huntzicker et al., 1975).

One of the better documented studies on heavy metals in domestic
and industrial sewage is that carried out by the Los Angeles County
Sanitation District in the Joint Water Pollution Control Project (JWPCP).

The JWPCP outfall system is well suited for a study of the
contribution of metellic pollutants by waste weter to the coastal
environment.

The quantities of waste water from this sewage system are very large:
54 x 109 1 par year for 1971 compared to the Colorado river runoff
contribution, which is sbout 21,000 x 109 1 per year. The waste water
consists of both domestic and industrial sewage containing relatively high
metal concentrations. Table 8 gives the average concentration of eleven
trace metals in the treated effluent (Morel et al., 1975).

This sewnge treatment system is typical of commonly-used primary
treatment. The sludge is digested anserobically, centrifuged and remixed
with the primary effluent, contributing much of its particulate and metal
loads. The waste water is discharged through two main submarine outfalls,
both dischargine ot a depth of 60 metres at the edge of the continental
shelf.

for seversl meteals, such as irom, zinc, chromium, copper, liead,
nickel, cadmium and silver, the contribution of the JWPCP outfall system to
the coastal area accounts for rore than a quarter of the total input,
estimated as the sun of severs, rivers, dry fallout, dumping and other
discrete sources,

3.4 Dumping

Disposal of vastes deliberately and unintentionally in cosstal waters
is responsible for the dispersiom of pollutants locally amd globslly. Most
dumping of wastes and continental materisls occurs over the continental
shelf, and the wastes are mainly composed of dredge spoils, sewage sludges,
fly ash and a variety of liquid and solid wastes from chemical processes.

Knovledge of the amount, composition or distribution of vaste
naterials in coastal waters around cities is limited. The disposal
activities have been carried on for generations with little or no regulation
or record.

The largest operation of intentcional dusmping tekes place inm the
coastal area near Hev York City. According to Gross (1970 a) sbout 8.6
million tons of material were disposed of every year between 1964 and 1968.
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Table 8

Trace metels in the vaste waters of the Los Angeles
County Sanitetion District sewvage
outfall system (1)

Flement Concentration (pg 171) Mass Emission
Vaste water Sea water Ratio Tons per year
Silver (Ag) 20 0.3 70 11
Cadmium (Cd) 30 0.1 300 16
Cobalt (Co) 10 0.2 50 5
Chromium (Cr) 860 0.2 4,000 460
Copper (Cu) 560 3.0 200 300
Iron (Fe) 9,900 10.0 1,000 5,300
Mercury (Hg) 1 0.03 30 0.5
Manganese (Mn) 130 2 70 70
Nickel (Ni) 240 6 ko 120
Lead (Pb) 250 0.0l 6,000 140
Zinc (2n) 2,k00 10 250 1,300

(1) TFrom Morel et. al. (1975).
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Dredge spoils accounted for 80 per cent of the total, with domestic and
industrial wvastes emounting to 10 per cent each.

Recent reports on the levels of ocean dumping in the USA indicate a
volume of nearly 88 million cubic yards of dredge materials, 5 million tons
of municipal waste and 3.5 million tons of industriel vastes (USDC, 1976).

Waste dumped in coastal areas consists of at least three components:
organic matter, including sewange solids; silicate materials; and small
quantities of industrisl wastes. Gross (197C b, c) showed that several
heavy metals are present in the wastes &i concentrations in excess of those
observed in gediments unaffected by waste disposal activities. Additional
investigations of the chemical nature of the dumped dredge spoil in the
Rev York Bight revealed levels nf heavy metals as hlgh as those of sewage
sludge (Pearce, 1972).

The concentration of trace metals in particulates from domestic and
industrial vaste wvaters wvas reported by Bruland et. al. (1974a). 1In Tadble 9
the concentrations of heavy metals in waste vater | part1culates from three
outfall systems inthe Los Angeles area are shown.

y, Fates

Heavy metals introduced into the marine enviromment from whatever
sources go through a variety of transformations involving physical, chemical,
and bxologlcal processes., These processes begin to operate during transport
by air or by water.

Once heavy metals have reached the marine env1ronment, an understanding
of their di. tributcion, d;epers.on ard transformation in the water column and
the various interfaces is critical. This section attempts to identify the
major factors controlling the fate of heavy metals in the marine environment
through the formation of complexes, bio-accumulation, biological transformation,
sedimentation, etc.

k.1 Chemical speciation

The state of trace metals in the aquatic environment has been the
focus of interest of chemical, as well as blologlcal, gtudies. It is well
known that a complexat1on of metals by the various 1norgan1c ligands and the
organic compounds in natural waters maintains a reservoir of metals in
solution . In Table 10 the different forms of occurrence of metal species
in natural waters are shown (Stumm and Bilinski, 1973).

Although thermodynamic models have been devised to describe the
distribution of metals among the various dissolved complexes, there is
ingufficient knowledge of the equilibrium constants betveen the metals and
the different ligands, as well as a lack of information on the activities of
the reacting species (Goldverg, 1976).

While date on the stability of hydroxo- complexes han bhecome
avallable, information on trace-metal complexes vith other ions of the medium
is still lacking. In addition to inorganic complexes, there are
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Table 9

Heavy metels in waste water particulates from three
outfall systems of the Los Angeles County
Sanitation District (1)

Concentration (mg kg t)

Element
Whites Point Hyperion Orange County

Silver (Ag) 32 130 Lo
Cadmium (Cd) 65 108 2bs
Cobalt (Co) 8 b 6
Chromimm (Cr) 1,700 1,kk0 1,330
Copper (Cu) 1,120 1,500 1,850
Iron (Fe) 20,000 5,400 7,000
Manganese (Mn) 150 108 120
Hickel (Ni) 220 520 220
Lead (Pb) 570 320 920
Zinc (Zn) 4,100 2,300 2,300

(1) From Bruland et al. (197ks).
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miscellaneous organic compounds in natural waters which can form complexes
vith metal ions as well as form orgeno-metallic compounds of the metal-
carbon bonding type. Stumm and Morgan (1970) studied the possible
chelating influence of organic compounds in aquatic systems, concluding
that free metal aquo- ions, or their hydroxo- and carbonato- complexes are
the predominant species even if complex-forming organic matter is present.

New analytical methods have now become available to elucidate the
type of metal-ion spec1gs encountered in waters, and to determine
solubilities in the 10~© to 10~7 concentration range. Anodic stripping
voltametry, square wave and pulse polarography are convenient methods of
identifying the various species and in disiinguishing physical and chemical
forms (Piro et al., 1973; Chau, 1973).

ASV does not merely measure total metal concentration, but detects
some fraction of the metal soluble species, the free (hydrated) ions,
inorganic complexes such as chloro-, hydroxo- and carbonato- species, and
various organic complexes. However, particular caution must be exercised
for the organic-rich waters because of sorption effects over the hanging
mercury drop (Brezonik et al., 1976).

4.2 Physico-chemical procesges

As with other pollutants, the transfer of heavy metals in the oceans
depends on the physical distribution between dissolved and particulate
phases, and on their chemical behaviour. Processes, such as adsorption,
precipitation, colloidal flocculation or biological uptake, act by
scavenging heavy metals from the water column and accumulating them in the
sediments. In this respect Turekian (1971) indicated that despite the
injection of trace metals by streams (vhether natural or artificial) very
little of the metals leave estusrine sreas in dissolved fora.

Trace metals, after desorption from inorganic phases, are
incorporated into organic materials that accumulate in the sediments or in
the surface microlayer. Through decay in the sediments most of the heavy
metals are further immobilized as sulphides or reduced oxides.

Although heavy metals enter estuaries from many nastural sources
(De Groot, 1973), one of the most important sources is undoubtedly ordinary
municipal waste water. Before discussing the behaviour of sewage upon
dilution in the receiving waters, it is first necessary to understand the
redox level and speciation of the metals ia sewage. Table 11 shows a
chemical equilibrium model of the trace-metel species in sewage from the
JWPCP outfall system of Los Angeles, USA, based on experimentally determined
parameters. Most of the trace metals in the JWPCP sewage are in the
suspended matter as insoluble sulphide or oxide forms. The very reduced
and metal-rich nature of this sewage is not typical of all sevage discharges
from marine outfalls (Morel et al., 1975).

As sewage enters the comstel environment, it is sinultaneously diluted
and oxidized. The signiZicant effect of oxidation on most metals is the
dissolution of sulphides. This solubilization increases the metals'
retention time in the water column, and ensures a very high dilution,
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Table 11

Chemical equilibrium mode) for trace metals in
sevage from the Los Angeles Sanitation

District (1)

[

Elenent Totel Concentration Inorganic Model ! )
‘ “oe : l
i |
Silver (Ag) 6.7 Ag,S (s) ! 100
Cadmium (Cd) 6.5 ca s (s) | 100 |
Cobali (Co) 6.8 Co S (s) 97 §
C02+ 2 |
Chromium (Cr) 4.8 Cr(OH)3 (s) 97
Cr(OH)4™ 3
Copper {Cu) 5.0 Cu S (s) 100
Iron (Fe) 3.7 Fe3oh (s) 100
Mercury (Hg) 8.3 Hg S (s) 100
Manganese (Mn) 5.6 Mn®Y 50
Mn H003+ 24
Mn S0, 19
ma® 6
Nickel (Ni) 5.4 Ni S (s) b2
niZ* 2
Ni (CN)he_
Lead (Pb) 6.0 Pb S (s) 100
| Zine (Zn) 4.5 Zn S (s) 100

(1) From Morel et al. (1975)
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according to the model. Hence the farfield concentration of metals shculd
not be increased measurably over the natural background levels. In the
nearfield area of the outfall, on the other hand, the settling of solid
species and the bacterial activity maintaining the redox levels of the
effluents are expected. Under these conditions only nickel, mangasnese and
possibly cobalt are lictely to be dissolved from the sediments.

The fate of copper, zinc, cadmium and lead in an estuarine environment,
Chesapeake Bay, upon the release of waste water was studied by Helz et al.
(1975). The authors attributed the disappearance of the metals from
solution not to dilution, but to rapid immobilization mechanisms, not clearly
identified. The sediment data suggested that the metals removed from the
water column are transported along the bottom, and that cadmium and possibly
marganese re~enter the water column in the mixing area near the mouth of the
estuary (Figure 1).

As mentioned previously, it appears that particulate trace metals may
be accumulated, not only in the sediments, but also in the sea-surface micro-
layer. Results to date suggest that in most open-ocean areas, the upvard
flux of many heavy metals associated with bubbles is at least of the same
order of magnitude or higher than the downward flux of the same metals from
the atmosphere to the sea surface (Duce et al., 1972).

k,3 Bio-transfcrmations

Some biological processes in the aquatic environment may serve as
efficient mechanisms for mobilizing heavy metals that would otherwise be Jost
in the sediments. Metabolic activity of micro-organisms plays a significant
pert in the mobility of toxic elements in the environment.

When confronted with a toxic substance, micro-organisms fraguently
adapt to detoxify it. By means of oxidative or reductive reactions
catalyzed by enzymes, micro-corganisms can convert metal species into mixtures
of compounds that are in equilibrium with respect to the formal oxidation
states of the metals. The biological conversion of Hg* to Hg® can be
regarded as a detoxification mechanism because the Hg® has sufficient vapour
pressure to be lost from the water into the vapour phase. Other micro-
organisms can detoxify their enviromment of toxic metals by methylation, such
as the bio-conversion of Hg2"¥ into methylmercury and CH3H3* to dimethylmercury
(Landner, 1972). Dimethylmercury is volatile, and once in the atmosphere, it
is photolized by ultra-violet light to yield Hg® plus methane and ethene. The
poisonous neurotoxin, methylmercury, can also be biologically converted to
Hg® plus methane (Furukawa et al., 1969). The biological cycle for mercury
is outlined in Figure 2,

By examining the periodic table and utilizing current knowledge of the
properties of toxic elements, it is possible to predict how most of these
elements will behave in the environment. According to Wood (1974), tin,
palladium, platinum, gold and thallium can be bio-transformed in the same way
as mercury in the environment, though elements such as leed, cadmium and zine
vill not be methylated. This is because the lead, cadmium and zinc alkyls
are not stable in aqueous solutions (Wong et al., 1975; Schmidt and Huber,

LN £

L7i10) .
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Arsenic compounds are reduced and methylated by micro-organisms in
the aquatic environment. Braman and Foreback (1973) reported that
dimethylarsinic acid is the major form of arsenic in the environment.
Dimethylarsinic acid under anaerobic conditions can be bio-transformed into
dimethylarsine and trimethylarsine, both of which are volatile and
extremely toxic compounds. Fortunately, these arsines are readily
oxidized by oxygen to yield the less toxic dimethylarsinic acid.

On the basis of our understanding of arsenic chemistry, it is
possible to predict similar bio-transformations for selenium, tellurium and
sulphur. Methylation of selenium by micro-organisms contained in lake
sediments was recently reported by Chau et al. (1976). Lunde (1972)
demonstrated that algal cultures and fish are able to synthesize fat-soluble
and water-soluble arsens-organic compounds from inorganic arsenic.

Another mechanism, currently under study, is the bio-transformation
and mobilizaéion of heavy metels in the estuarine environment by marsh and
sea "grezsses" (Dunstan and Windom, 19T4). Spartina alterniflora takes up
mercury very efficiently through its roots. This uptake is followed by
transfer of mercury, as CH3H3+, to the leaves where it is subsequently
released into the water column. Preliminary results also suggest that an
oxidized micro-layer exists around the roots that facilitates the
incorporation of metals into the seagrass from the sediments.

4.4  Bio-accumulation

Bio-accumulation is the phenomenon that, through whatever reason or
mechanism, results in an organism or a particular tissue of that organism
accumulating e higher concentration of chemical species than that which is
present in their environment. Since levels of most contaminants in the
aquatic environment are low and their determination poses great difficulties.
the eccumulation capacity of certain organisms has led to their adoption in
monitoring programmes.

Several mechanism3 have been proposed for the uptake and loss of
trace elements in aquatic organisms, particularly heavy metals. Romeril
(1971) summarized the following upteke pathways:

(i) Adsorption of ions at membrane-water interfaces;

(ii) Adsorption of active and/or passive diffusion of metal ions from
seawvater across semi-permeable membranes into the body fluids;

(iii) Ingestion of ions with food or in combination with particulate
matter and adsorption through the gut wall.

Bryan (1971) proposed two mechanisms for the loss of heavy metals
from marine organisms:

(i) Excretion across the body surface or gills;

(ii)  Excretion via the gut and the urine.
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Living organisms have a dynamic relationship to their environment;
therefore, it is frequently observed that trace elements are both
accumulated and excreted until a steady state has been attained. Schulz-
Baldes (1974) reported on the uptake and loss of lead by the mussel,
Mytilus edulis, for short periods of time under laboratory conditions.

The results of these experiments indicated that the rate of uptake is
proportional to the concentration of lead in the medium, end the rate of

loss proportional to the concentration of lead in the tissues.

Consequently, at a constant load concentration in the medium the rate of
uptake is constant while the rate of loss increases with higher concentration
in the tissues. '

In the loss of mercury and copper from the oyster, Crassostrea
virginica, Cunningham and Trip (1973) and Mandelli (1975) observed thet the
concentration of these heavy metals declined during a brief period; there-
after, residual levels remained constant, indicating their permanent
fixation (Figure 3). Mechanisms for the regulation of metal body burdens
can maintain constant metal levels in the tissues (Cross et al., 1973).

Direct relationships with the environment, as well as physiological
stresses, can also result in reduced levels of accumulation and loss. In
Table 12 the effects of some of these factors on the accumulation of copper
by Crassostrea virginica are shown.

It is necessary to point out that an important part of the uptake of
heavy metals by marine organisms takes place through suspended particulates
and food where the metals are preconcentrated (Ayling, 19T4; Hardisty et al.,
19T4; Patrick and Loutit, 1975). Thus accumulation factors describing the
ability of certain organisms to concentrate heavy metals from seawater appear
meaningless where there are high concentrations of metals in organic and
inorganic particulates.

Another noteworthy characteristic of the bio-accumulation process is
the specificity of certain organisms in accumulating a given metal; e.g.,
the accumulation of vanadium and niobium by tunicates. Goldberg (1976)
considers this specificity to be due to macro-molecules presert in the
organism which provide the appropriate geometry and chemical linkage for the
uptake of a particular metal from seawvater.

5. Effects

Some of the concepts expressed in the section on bio-accumulation of
heavy metals by aquatic organisms will be expanded here.

A considerable amount of information on the acute effects of heavy
metals on commercially important aquatic organisms has been gathered through
bio-assay tests (Eisler, 1973). The organisms under study are adults and
frequently at hig- trophic levels, whereas organisms at low trophic levels,
larvae and juveniles, often more sensitive, have been less investigated
(Connor, 1971 ; Calabrese et al., 1972).
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Table 12

Long -term seasonal bio-assays (56-66 days) on the net copper uptake and

copper accumulation rates for Crassostres virginica exposed to

seawater desalination brine mixtures (Mandelli, 1975)

Season Total Copper ( g 1-1) Exposure Accumulation Accumulation Rate

Texas Culf Coast Seawater + brine (days) ug Cu g~1 (wWw) ug Cu per day
22.8 32 Sh.1 1.69
Spring 3% 55.0 1.61
1.7 32 134.6 4.20
34 105.8 3.11
19.2 29 T4.0 2.55
Sunmer 28 Lk.9 1.59
hi.7 29 189.3 6.53
28 99.8 3.56
23.0 28 90.3 3.22
Fall 28 83.3 3.00
43.0 28 180.1 6.43
28 189.0 6.75
22.0 30 98.0 3.26
Winter 32 106.7 3.34
39.7 30 222.0 6.94
32 222.4 6.76

€T



- 132 -

As far asc protection of aquatic organisms is concerned, there is a
need to know more about the effects of heavy metals on the most sensitive
species, as well as on the early developmental stages. The effects of
heavy metals on the viability of aquatic ecosystems also merits close
examination.

Heavy metals many be a real problem in the pollution of the marine
environment. Starting with the tragedies of Minamata and Niigata in Japan.
ve have become avare of the hazard to humen health related to toxic heavy
metals accumulated in seafood.

Preliminary attempts to develop regulations based on known effects of
heavy metals on the aquatic biota, show that our knowledge in this area is
very limited.

5.1 Aquatic organisms

In Figure 4 are shown the possible effects of pollutents upon aquatic
biota.

In the particular case of heavy metals, because of their ability to
form complexes with organic substances, there is a tendency for them to be
fixed in the tissues of the organisms. This is perheps one of the major
problems that heavy metals pose as pollutants in the aquatic environment.
While there is a moderate amount of information on the acute toxicity of
heavy metals on aquatic organisms, little attention has been paid to the
sublethal effects.

The problem that often exists is to try to quantify the physiological
changes that occur in an organism under the stress of exposure to heavy
metals. These physiological alterations include neurophysiological effects
(Lindhal and Schwanbom, 1971), alterations on the enzymatic activity
(Jackim et al., 1970), endocrinology, parasitology and diseases, reproduction
(McIntyre, 1973), the teratogenic, carcinogeric and mutagenic effects, as
vell as other disorders at the cellular level.

The effects of interacting environmental variables, such as
temperature, salinity and dissolved oxygen superimposed on heavy-metal
stress on aquatic organisms are rarely investigated (Vernberg et al., 197k;
Mandelli, 1975). Moreover, it is also essential to consider that mixtures
of heavy metals can have synergistic or antagonistic effects in their
toxicity to organisms (Gray, 1974). Recently it has been suggested that
selenium may have an antagonistic effect on the toxicity of mercury which
renders both elements less toxic to marine organisms (Jernelov, 197h). It
is also well known that zinc and cadmium are bio-chemically antagonistic
elements (Shakman, 197k).

Another interesting aspect of relatively high concentrations of heavy
metals in the aquatic environment is the development of metal tolerance by
certain organisms, as has been demonstrated by Bryan and Hummerstone (1973).
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Alteration or destruction of habitat

Disruption of food chains; alteration of
the ecosystem

SECONDARY EFFECTS

Enhancement of competitors, predators,
pests and disease

3 Lethal stresses on other organisms
important as food sources

Fig. 4 Possible effects of contaminants on marine biota.
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5.2 Fisheries

The economic repercussion of pollutants on fisheries is being felt
in many ways; through the loss of resources, reduced fishing and
difficulties in the marketing of products. The present overall economic
losses from reduced fish catches, decrease in the quality of the fishery
products, or hindrance to fishery activities, are difficult to estimate.

The main impact of heavy metals on commercial fisheries has been
related to the difficulties in marketing the products under strict
regulations. Alarm about mercury poisoning in Japan has been more
responsible than anything else in setting tolerable levels of toxic heavy
metals in seafood.

A particular case is that of the freshwater fisheries of Canada and
the United States, arising out of the mercury contaminsation of the 1970-1971
period. Based on an acceptable level of 0.5 ppm of mercury, a large part
of the rishery catch had to be confiscated. The acceptable limits for
certain heavy metals are uot confined to freshwater and coastal fish, but
also to deep-sea fish, such as tuna and swordfish with natural levels of

mercury » 0.5 ppm.

Dramatic cases of "fish-kills" in coastal aress, owing to the
combined effects of pollutants and natural stresses, have been observed
frequently. Those in whirh the direct involvement of a heavy metal has
been proven are rare. Roskam (1965) reported & "fish-kill" caused by the
coastal discharge of copper sulphate solutions in Holland. 1In contrast to
tc these dramatic effects, chronic, heavy-meisl pellution is probebly even
more damaging in the long run. Howvever, the variety of man-produced
wastes reaching estuaries and coastal areas makes it virtuslly impossible to
determine the toxic role of heavy metals.

5.3 Human health

Man acquires his body burden of metals through three environmentel
contacts: air, water and food. These contacts result in a build-up of
metals in the body; the average values of such concentrations are given in
Table 13.

A number of these metals are integral components of certain body cells,
organs or enzyme systems. In such systems some metals are absolutely
essential to normal bio-chemical functioning. Other metals, such as mercury,
cadmium and lead, are most likely environmentasl contaminants, since they are
not usually detected in infants and are apparently acquired with age. In
the case of metals for which there is a nutritional requirement, inadequate
quantities can result in deficiency diseases. Metals that are toxic at
elevated levels, on the other hand, will result in intoxications with
potentially serious consequences (Goldwater et al., 1972). Human diet can
vary widely from one area to another in terms of trace elements, leading to
situations of deficiencies &5 well as excesses. Beyond this netural
influence, there is the matter of other exposures to trace metals engendered
hr environmental noll ution.

e e Y. e AR
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Table 13

Metal contents of "average man" (1)

Metal Content (mg per man of 7O kg)
Cadmium 20 - 50

Cobalt 1.5 - 3

Copper 72 = 100

Iron 4,000 - 4,200

Lead 18 - 120
Manganese 12 - 20

Mercury 13

(1) From Woolrich (1973).
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Those areas from vhich inan harvests food are, all too often, the
herdest hit vhen pollutants are indiscriminately added to natural waters.
A case in point is the near-shore and continental shelf which have large
populations of edible molluscs, seaweeds, fishes and crustaceans for
human consumption.

Mercury contamination has been the basis for one of the major
environmental problems that caused an uproar in recent years: the
Minamata and Niigata tragedies in Japan (D'itri, 1972). The discharge of
mercury into waterways and coastal waters in the form of the element or
inorganic salts is known to have been going on for some time, It wvas
generally felt tbat these discharges were inoffensive. It was then
discovered that micro-organisms in the sediments are capable of converting
inorganic mercury into organomercuric compounds. These organic compounds
of mercury are very toxic by virtue of being able to attack the ccntral
nervous gystems of organisms.

Cadmium has been implicated as the causative agent in Itai-Itei
disease, which has been significant in Japan (Ui, 1972). The disease was
attributed to environmental pollution from industries producing or using
cadmium. However, there is no documented evidence concerning Itai-Itai
symptoms in humans caused by the consumption of sesfood. Regarding the
effect of other heavy metals on human health through the consumption of sea-
food, there is nc available information.

6. Monitoring and Surveillance

The ultimate goal of marine monitoring is to provide a sound
scientific basis for assessing and reguleting the release of materials
considered dangerous to the marine ecosystem or to man. This goal will
also require information on the rates of input of these materials, thus
adding another dimension to the monitoring exercises. The steps of such
procedures have been summarized by Preston and Y~od (1971) in the following
terms:

(1) Estimstion of pollutent concentration in the sea-water system as
a function of the rate of introduction of pollutants.

(ii) Estimation of the concentration factor of the pollutant in the
critical material, be it a living organism or sediment.

(iii) Coupling (i) and (ii) leads to an estimation of the concentration
of the pollutant in the critical material.

Preston and Wood (1971) alsoc developed the concept of the "ecritical
pathvay" approach based on the monitoring of radio-activity in the marine
environment. This concept is based on the identification of the most
important pathways by which a pollutant can return to man via the marine
food chain. According to Goldberg (1976), the identification of these
"eritical pathweys" can lead to more rational monitoring programmes. In
this context a good example is perhaps the adoption of fish and shellfish as
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indicators of mercury pollution. Most marine fish and shellfish do not
appear to be harmed by several tens of ppm (uet veight) of mercury, although
men is sensitive to only a few ppm of mercury in his food. Mercury is
perhaps one of the few toxic pollutants for vhich reasonable, accurate and
acceptable exposure criteria have been evaluated. Thus, if the major risk
of mercury pollut1on is to man and if he is protected, 1t is to be expected
that marine organisms will be also.

Finally, control programmes, whether designed to have a surveillance
role or a monitoring function, will have a basic requirement vhich is to
provide an early warning of danger to man or the specific resource of
interest. The need for adequately evaluated control criteria reveals a
major gep in present knovledge; without such criteria, monitoring programmes
vill tend to become exercises that merely accumulate large amounts of
nurerical data to no purpose.

6.1 Baseline studies

Investigations of the present distribution of certain selected
pollutants in the marine environment are known as baseline studies. These
studies constitute the basis for future monitoring prograrmes (IOC,
197h) and are the essential first step to providing data on inputs,
distribution and pathways of pollutants.

In principie, all media should be gsampled: seawater, organisms,
suspended materials, the surface micro-layer and sediments, Hovever, most
of the published information on the levels of pollutants in the aquatic
environment is mainly related to their concentration in orgenisms and
sediments. The very low concentration of pollutants in the water makes
sample contamination a very serious problem; consequently, less reliable
information on pollutants in this medium is available.

In the particular case of baseline studies of heavy metals in the
aquatic habitat, a great deal of information has been published regarding the
levels of these and other elements in tissues of different biotic groups
(Portmann, 1972; Bryan, 1973; Preston, 1973; Schulz-Baldes, 197h).
Throughout these studies evidence of marked seasonal variations within a
species, individual variations, and marked differences according to size (or
age) vere reported. Two recent studies have identified metals that are
accumulating in coastal-zone nediments; some of these metals are being
introduced by man, others are not (Erlenkeuser et al.; 1974; Bruland et al.,

19Th a).

This general information can be considered as baseline data of natural
or already modified natural conditions. However, despite the great merit of
these investigations, caution should be exercised in comparing these data,
because of differences in methodology and of the lack of intercalibration
exercises.

6.1.1 Methodology

Although perhaps the least glamorous, the initial steps of trace-
mctal analysis arc usually the most crucial. These steps inciude the
selection of sampling procedures, the gathering of representative samples,



_138_

their storege and, if necessary, concentration steps for the final procedure
of identification and quantification.

The selection of the analytical technique will be conditioned by the
use of the data, as well as by the natural variability in the distribution
pattern of the element, Therefore, the problem to be solved is the factor
that conditions the sensitivity of the method to be used. The selected
methods may differ in their sensitivity, but must be accurate.

It is also necessary to keep in mind that in the particular case of
very sensitive analytical techniques, such as anodic-stripping voltametry
and flameless atomic adsorption, reagent impurities, dust, glassware, and air
entering the laboratories, rather than the instruments, may determine the
limits of element detection. Non-destructive techniques. such as neutron-
activation analysxs and x-ray techniques therefore offer great advantages,
particularly in the elimination of impurities. A complete review of recent
developments in the analysis of toxic elements in environmental samples has
been compiled by Lisk (197h).

6.1.2 Intercalibration

As a consequence of the rapid changes in the use of analytical
techniques in the field of environmental chemistry, the concept of standard
methods of analysis applied to pollutants was never seriously considered.
Thus, procedures for sample collection and preservation, as well as methods
for pollutant analysis, vary from one laboratory to another.

Under such circumstances it is essential to carry out inter-laboratory
exercises in order to obtain comparable and reliable results. Experience
from previous exercises shows that intercalibration depends upon:

(1) Agreement as to comparable methods for sample preparation and
analysis.

(ii) Preliminary exchange of carefully prepared standards.
(iii) Joint exercises by the participating laboratories.

Agreement on the methods should not be taken to mean a single method
to be used by all laboratories, since this tends to prevent analytical
developments and improvements. It is, hovever, essential that =ll analytical
methods should be intercalibrated to ensure that any variations observed are
not due to differences that arise during the analytical stage of the programme.
Intercalibration exercises are being carried out by ICES in the North and Baltic
Seas, in the North Atlantic, and by the International Laboratory for Marine
Radioactivity in the Mediterranean. The ICES intercalibration exercises,
vhich include analysis of heavy metals in water and biological material, have
been completed or are in progress. Further exercises are planned for the
next three years.

An important element in the success of intercalibration exercises is
the preparation of reference samples. The goal for the preparation of
gstandards should be that they contain accurately known amounts of the
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substances to be anslyrzed in their natural matrix. These reference
samples should be dravn, if possible, from natural and already modified
natural situations in order to provide useful ranges.

With the financial support of UNEP, the International Laboratory
for Marine Radioactivity in Monaco has prepared several homogeneous marine
environmental samples labelled under naturel conditions for world-wide
intercalibration in the measurement of heavy metals. These reference
materials are oyster-tissue homogenate, copepod homogenate, fish fillet
(mullet) and & sea plant. Standard reference materials for heavy metals,
such as orchard leaves (NBS-SRM 15T71) and bovine liver (NBS-SRM 1577), are
available from the National Bureau of Standards of the United States.

Finally, it is desirable that certain national laboratories, headed
by recognized leaders in the different fields of marine pollution, research
and monitoring, be designated as intercalibration centres for dealing with
the joint exercises.

T. Conclwisions

Meaningful evaluation of the ecological stresses imposed by man's
prtivities requires improved understanding of the interactions between
pollutants and the components of the marine ecosystem.

To understand thc cycling of heavy metals in a natural ecosystem it
is necessary to identify the major reservoirs of these elements and to
determine the mechanisms and pathways of elemental transformation, as well
as the rates of elemental turn-over among reservoirs.

The major gaps in our present knowledge can be summarized as follows:

(i) Assessment of the relative amounts cf different physico—chemical
forms of heavy metal in natural waters, their stabilities, and
the inter-conversion processes between these forms.

(ii) Determination of the interaction of variable environmental
parameters on reservoir size and transfer rates in the overall
sycvei.

(iii) Determination of the biclogical availability of the different
physico-chemical forms to the different components of the marine
biota.

(iv) Assessment of the role of micro-organisms as sources of heavy
metals for consumer organisms, as producers of toxic organo-
metallic ccapounds, as remineralizers of heavy metals pre-
concentreted in planvs or animal tissu-e

(v) Evaluation of the biological retention of heavy metals by higher
merine organisms that are part of man's diet.
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(vi) 'Development of models to describe the present dispersion of
heavy metals in the aquatic environment; these models and
the calculation of their mass balances are an integral part of

monitoring progrecmes.

This holintic approach and the continuous up~dating of existing
gsources of heavy netals will provide the most reliable basis for rational
management of - n's releases of these toxic elements into the marine

savironuent. .
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1. Introduction

The presence of fossil and biogenic hydrocarbons in seawater,
sediments and marine organisms of the Gulf of Mexico has attracted the
attention of pollution researchers, Oil-producing activities taking place
on the continental shelf in this area have been going on for many years.

It is estimated that the coastal area off Louisiana has produced around
four billion barrels of oil in the last 35 years (Oppenheimer et al., 197k).

Based on the information gathered at the present time there is a
worldvide input of o0il to the oceans from offshore drilling and production
operations, transportation losses, natural seeps, accidental spills and
through vaste-wvater discharges (Table 1). In the Gulf of Mexico, an area
of oil production and intensive urban and industrial development, the
information on fossil hydrocarbon distribution is still rather limited,
particularly from the eastern areas.

In this paper we will try to summarize all available information on
the current research cerried out in the Gulf of Mexico.

2. Hydrocarbons in the Marine Environment

In the marine environment we generally find a complex mixture of
fossil and biogenic hydrocarbons. The difference between these two groups
can be established as follows; petroleum hydrocarbons are more complex
mixtures with broad ranges of molecular structure and weight. It contains
also several homologous series, with an approximate unity ratio between
even and odd number alkanes. Marine organisms, on the other hand, have a
strong predominance of odd-numbered alkanes. Petroleum contains more
kinds of cycloalkanes and aromatic hydrocertons than the organisms; all
the aromatic hydrocarbons in marine organisms are less than one per cent of
the total hydrocarbon load.

2.1 [Hydrocarbons in the water column

Two main groups of hydrocarbons of biogenic and fossil origin can be
found in the water column, those of low molecular weight (C; - Clo) and
those of high molecular weight (C;; and up). McAuliffe (1976) points out
that methane is the dominant hydrocarbom in the marine environment
belonging to the first group, because it is produced naturally by micro—
organisms during decomposition of organic matter, and also from oil and gas
seeps and offshore oil production.

The concentration of dissolved low-molecular-weight hydrocarbons in
waters from the Gulf of Mexico, Caribbear Sea and the North Atlantic has
been reported by Swinnerton and Linnenbca (1967), Swinnerton et al. (1969)
and Svinnerton and Lamontagne (19T4). The concentrations in ug 1~
reported by these suthors were: methane, 35.2; ethane, 0.67; ethene, 6.0;
propane, 0.67; propene, 2.6; and butane, 0.13. Sackett and Brooks (1575)
reported that large coastal areas off the shore of Texas and Lousiana have
concantrations of low-mnlecular-veight hydrocarbons up to six orders of
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Table 1

Annual estimates for petroleum hydrocarbons
entering the ocean, 1973 and 1980 (1)

Source ‘ Millions of tons per year

1973 1980

Marine transportation 2.2 2.0
Offshore o0il production 0.1 0.1
Coastal o0il refineries 0.2 0.05
Industrial and municipal waste 0.9 0.6
Urban runoff 1.6 1.9
Natural seeps 0.6 0.6
} Atmospheric transport 0.6 0.6
TOTAL 6.2 5.85

(1) Rational Academy of Sciences (1975).
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magnitude higher than those in open-ocean surface waters. These high

levels are almost certainly petroleum-derived and come from offshore oil
production operations. Other published research in this particular area

can be found in Brooks et al. (1973) and Sackett and Brooks (19T4). With

regerd to the presence of low-molecular-weight fossil hydrocarbons from

0il spills in the Gulf of Mexico, McAuliffe et al. (1975) determine concentrations
up to 200 ug 171 for C; to Cyq hydrocarbons.

The high-molecular-weight hydrocarbons can be considered also in two
groups: those in the particulate state; pelagic, beach and abyssal tars;
and those dissolved in the water column. Within the first group the so-
called pelagic tars are an important part of the high-molecular-weight
hydrocarbons present in the waters of the Gulf of Mexico. This is due to
the extensive offshore oil production and tanker traffic, as well as to the
semi-enclosed nature of the Gulf with weak circulaticn in its central and
vestern sections (Jeffrey et al., 197k).

Table 2 shows a comparison of pelagic tar concentrations in the Gulf
of Mexico and the Caribbean region with those of other areas. _ Pelagic tar
concentrations in the Gulf of Mexico ranged from O to 10 mg m° with an
average of 1.20 mg m~2. In the Caribbean, the pelagic tar concentration
ranged from O to 4.5 mg m™2 with an average of 0.7h mg m™2. From the
available data it seems that the Gulf of Mexico as a whole has lower
concentrations of pelagic tars than the Mediterranean sea and the Sargasso
sea. However, the Gulf of Mexico shows a higher concentration of pelagic
tars than the Caribbean and about the same concentration as those obtaining
in the Gulf Stream. Some of these pelagic tars are swept into the Gulf of
Mexico through the Yucatan Strait and out through the Florida Straits by the
Loop Current. Most of these pelagic tars originate primarily from shipping
and tanker-cleaning operations (Mommesin and Raia, 1975; Brown et al., 1973b).

As in the case of the pelagic tars, other high-molecular-weight
hydrocarbons are in dissolved form in the water column. Table 3 shows the
results of recent observations in the North Atlantic sea, the Gulf of Mexico
and the Mediterranean sca. It is clearly shown that high-molecular-weight
hydrocarbons are highly concentrated in the surface micro-layer and decrease
with depth.

2.2 Hydrocerbons in sediments

Totel hydrocarbon concentrations (fossil plus biogenic) in surface
sediment samples cover a broad range between 0.1 to 12 ppt in highly
rolluted coastal areas, less than 100 ppm in unpolluted coastal areas and
deep marginal seas or basins, and between 1 and 4 ppm (mostly biogenic in
origin) in deep seas.

There is little information on the concentration of hydrocarbons in
sediments from the Gulf of Mexico; most of the published results deal with
observations made in coastal areas (Table 4). For other oceanic regions
the information is also limited (Kinney et al., 1970; Kinney, 1973).
Farrington (ms., 1975) reported on the concentration of hydrocarbons off-
shore of the New York harbour. Most of the hydrocarbons found in offshore
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Table 2

Concentration of pelagic tars in the oceans

Location g:x:;zsof :Zr;.g T“;;‘;Eger mzezfa References
North Atlantic 54 0.12 0.12 0.12 | McGown et al.(197h)
Caribbean 6b 0.16 0.13 0.28 | Sherman et al.(1974)
20 0.7k 0.74 Jeffrey et al.(197h)
Gulf of Mexico 8k 1.20 1.20 1.20 Jeffrey et al.(197h)
Gulf Stream 18 3.4 2.7 0.80 | Attaway et al.(1973)
168 0.76 0.6 Sherman et al.(197h)
Sargasso Sca 43 7.5 5.9 Butler et 81.(1973)
11 0.92 0.7 Morris and
16 7.5h 6.0 2.10 | Butler (1973)
25 1.98 1.6 McGown et al.(197k)
54 2.6h 2.6L
5L 1.15 1.15 Sherman et al.(197h)
86 %.3% 3.50
Mediterranean Sea 663 1.0 0.79 k.1 Horn et al.(197)
L8 9.7 7.7 Morris et al.(1975)
Pacific Ocean
West 16 3.8 3.0 3.0 Wong et al.(197k)
East 17 0.h 0.3
Coastal Area ? 0.0 0.0 0.15
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Table 3

Concentration of hydrocarbons in the water column

Location Sampling Number of Concentration | References
Depth m samples ug 171

Atlantic Ocean Brown et al.

(Caribbean, Gulf | (1973)

of Mexzico to |

New York) 10 26 3.5-3.8 |

(Nova Scotia 1 2L . 0.8- 1.3 | Gordon et al.

to Bermuda) 5 2h 0.h- 0.5 ; (197h)

Gulf of Mexico:

Galveston Bay 1 1 8.0 Brown et al.
(1973)

Louisiana and

Texas, Mexico Parker et al.

and Caribbean 0-3 9 0.08- 1.1 (1972)

Lonigiana and ’ Oppenheimer

Texas ? 17 0.03- 0.6 et al. (197h)

Mediterranean Sea ? h h-195 Monoghan et al.
(1973)

Pacific Ocean 0-3 26 0.2 Cretney and
Wong (197L)
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Table 4

Concentration of hydrocarbons in sediments
from some regions of the Gulf of Mexico

Location Sampling | Number of | Concentration References
Depth m | samples mg kg1 (dry
veight)

Louisiana 100 2 12 - 1ko Smith (1954)
(Cor sal

arc.g)

Mississippi

Delta 15 4 65 Smith (195k4)
Marsh area .

Mississippi 0.1 1 350 Sever et al.(1972)
Deltn

Mississippi _ 15 McAuliffe et al.
River 0.4 21 bo- o1 (1975)

Gulf of

Mexico
Open waters ? 10 12 - 63 Menschein (1969)
Gulf of
Mexico:
Terminos 1-2 T 12 - 56 Botello et al.

ILagoon (1976)
{
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sediments were homogeneously distributed: 10 to 20 ppm in sediments of
the continental slope; LU0 to 60 ppm in sediments from the continental
shelf; and near the New York Bight values up to 2.9 ppt.

At the present time the Marine Science Institute of the University
of Texas is conducting an extensive study of tde concentration of hydro-
carbons in sediments from the continental shelf off the coast of Texas
(Parker, 1975).

2.3 Hydrocarbons in marine organisms

The information on the presence of hydrocarbons in marine organisms
is even more limited than that on sediments. Marine organisms either
make their owm hydrocarbons, obtain them from food sources, or convert
precursor compounds obtained from their food (Clark and Blumer, 1967).

Only a limited number of marine species, from only a few geographical
locations, have been analyzed for their native hydrocarbons, usually
alkanes and alkenes. It may be pointed out that other classes of hydro-
carbons are more prevalent in marine organisms than the limited information
suggests.

Therz is some published information on alkanes in benthic algae and
sea gresses from coastal areas of the Gulf of Mexico (Sever, 1970; Attaway
et al., 1970; Botello and Mandelli, 1976). There is also some information
on the hydrocerbon composition of plankton and invertebrates from the Gulf
of Mexico (Parker et al., 1972; Erhardt, 1972; Parker, 1975; Giam et al.,
1076; Botello et 8l., 1976). Some preliminary information on the
concentration of PAH's in Crassostrea virginica from several coastal lagoons
of the Gulf of Mexico is in the process of publication (Bravo et al., 1976).

Regarding the effects of the fossil hydrocarbons on biological
processes, such as photosynthesis, growth and reproduction of marine
organisms, the University of Texas, Texas A & M and Florida State University
are at present carrying out this type of work with organisms from the Gulf
of Mexico (Parker, 1975; Pulich et al., 19Th).

3. Conclusions

From the information gathered in the preparation of this paper, it
can be concluded that in the Gulf of Mexico at the present time there is a
considerable concentration of fossil hydrocarbons originating from offshore
0il production and other human activities. When ve compare the values
obtained in other areas, such as the Caribbean Sea and the North Atlantic
Ocean, with those of the Gulf of Mexico, we find that the latter values are
high because of the weak circulation in the western and central sections of
the Gulf.

So far the number of studies has been very limited. All the
countries involved in the Guif of Mexico and Caribvean need to develop
stronger programmes on fossil hydrocarbons as pollutants, particularly as to
the short- and long-term effects on the coastal marine biota.
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Most of the pollutants that concern man occur in nature; the
principal exceptions are short-lived radio-isotopes and chlorinated hydro-
carbons. Many pollutants are highly toxic, but are confined to urban and
industrial areas; others degrade quickly, while still others are toxic in
low concentrations, have a global distribution, and are extremely persistent.
Such is the case of the chlorinated hydrocarbons.

The story of the chlorinated hydrocarbon begins with the introduction
of the insecticide commonly known as DDT (dichlorec-diphenyl-trichloroethane)
by Mliller in 1939. Although DDT had been prepared by a graduate student in
his doctoral studies in 1874, it was not until Mlller, who was looking for a
moth-proofing compound for woollens, that it became important. Because of
World War II, DDT was not put to general use immediately, but was confined to
use by the military. It was a boon to combat troops simply to powder with
cool, soothing talc instead of bathing in a kerosene concoction and having
their clothes autoclaved. The tremendous demonstration of the potential of
DDT in the control of typhus (a rickettsial infection transmitted by lice and
fleas) and malaria (a protozoan infection of the mosquito that can be
transmitted to humans) during World War II earned Miller the Nobel Prize in
Physionlogy and Medicine in 1948. Two cother chlorinated hydrocarbon
pesticides discovered during World War II were the herbicides: 2,4,-D and
2,4,5,-T. These were destined to become infamous during the Vietnam War.

Soon after the end of World War II, DDT was put to use. This saviour
of mankind appeared in all forms: powders, sprays, liquids, aerosols and
paints, and was used for all purposes from killing the locel ant and roach
populations to controlling agricultural production by eliminating pests.
After the barns at the Howard Ranch in San Ysidro, California, were sprayed
vith a white paint containing DDT, [iies were carried out by the truckload.
But with this overvhelming success with DDT scon came problems. One of
these problems was the development of resistant strains of pests. As early
as 1947, it was realized that DDT was losing its effectiveness in controlling
houseflies (O'Brien, 1967).

Another problem with DDT, because of its broad spectrum of action, was
that it caused harm to benéficial species such as bees. Or, by killing =
natural enemy, DDT would cause & pest to increase to tremendous numbers. To
overcome these problems, other chemicals were developed, until to date there
are some 500 chemicals in over 10,000 formulations. Of these 500 chemicals,
some of the most persistent and toxic have been the chlorinated hydrocarbons
such as benzene hexachleride, heptachlor, dieldrin, endrin, aldrin, methoxy-
chlor, mirex, chlordane and many others. It has been conservatively
estimated that, in the past 30 years, about 1.8 million metric tons of DDT
alone have been used.

But still another problem was arising - a problem that took some time
to recognize but still a problem. Rachel Carson wrote of it in her book
"The Silent Spring" and was laughed at for her efforts. She was concerned
that the chlorinated hydrocurbons were killing our bird populations. A
vell-documented example was the killing of robins hy DDT uged sgainst Dutch
elm disease. In this case, the pesticide was concentrated in the food
chain from leaf to litter to earthworms to robins. Chlorinated hydrocarbons
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vere implicated in the dacline of several other bird populstions through
interference with their reproduction (Wurster, 1969; Peakall, 1970)
rather than through outright killing. The famous peregrine falcon, vhich
had survived the efforts of farmers, hunters and egg collectors, began a
sudden decline in populetion in the early 1950s. A similar trend also
occurred vith grebes, woodcocks, bald eagles and ospreys about this same
time. An investigation revealed that the cause was related to & drop in
the reproduction of the birds. Breeding was delayed, no eggs vere laid,
or the eggs that were laid were easily broken (Peakall, 1970). The
reproduction failures were greatest in the areas where the chlorinated
hydrocarbon pesticides vere most widely used. These observations spurred
several areas of regsearch. The first area of resesrch concerned the
thinning of the eggshells. Since then the actual decrease in thickness
and veight of eggshells soon after the introduction of chlorinated hydro-
carbons has been well documented. Hickey and Anderson (1968) using 61k
California peregrine falcon eggshells collected since 1891 showed that
these eggshells had a rather stable thickness until the late 19%0s and the
early 1950s. At this tine a sharp drop in eggshell weight was observed
(Ratcliffe, 1967). Although this eggshell thinning coincided with the
introduction of chlorinated hydrocarbons into general use, it was not until
1974 when Peakall extracted eggshells collected in California and Alaska
and found that the presence of DDE (a derivative of DDT) since 1948
correlated with the thinning. Although the loss in weight of these shells
has been attributed to interference in calcium metabolism through the
inhibition of the enzyme carbonic anhydrese, Pocker et al. (1971)

at the University of Washington showed that the chlorinated hydrocarbons,
DT, DDE and dieldrin actually have the ability to coprecipitate minute
amounts of the enzyme from solution and thereby reduce enzymetic activity.

Pish also exhibit acute responses to chlorinated hydrocarton
pesticides. An example of this that ettracted public notice and caused
controversy was a series of fish kills that began in the late 1950s along
the Mississippi and Atchafalaya rivers in Louisiana. Catfish and some
other fishes hemorrhaged and died in great numbers. Measurement of the
wvaters' pH, dissolved oxygen and temperature gave no indication of the
cause of death. An attempt to reproduce the symptoms with viruses,
pathogens and toxins was unsuccessful. Hovever, & chloroform extract of
the bottom sediments did reproduce the symptoms exactly. The active
ingredient in the chloroform extract was later found to be endrin. Another
fish kill attributed to endrin occurred in the lower Mississippi river in
1963. Over 5 million fish were killed. Analyses of these fish by the
U.S. Public Health Service showed lethal amounts of endrin in the fish
tissue. A report by Barthel and others on the monitoring of the
Mississippi river and its tributaries in 1967 revealed that the sediments
just below an endrin-manufacturing plant conteined about 11,000 ppm of
endrin, and over 2 ppb in the water. Although no analyses vere made on
the brown pelican, there has been speculation that the endrin in the fish
caused their disappearances from the Gulf Coast in the early 1960s. Sub-
lethal doses have been found in the brown pelican population in Florida by
Schreiber (1970). The possibility of the pesticides reaching the
estuarine wvaters was considered quite possible in view of westerly tides
vhich may carry Mississippi river water into Barataria Bay. A study
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(Rove et al., 1971) of the oysters found in several of these bays and
estueries was begun shortly after the great "fish kill" in 1963. In these
studies, two chlorinated hydrocarbons, dieldrin and endrin, were measured
but the DDT residues, if measured, were not reported. From 196k to 1966
the medien concentration of dieldrin and endrin in oysters was about 10 ppb,
vhile the highest-concentrations for these two chlorinated hydrocarbons was
90 and TO ppb, respectively. By 1969 these concentrations in oysters had
dropped to a median of 1.4 ppb of dieldrin eand less than 1 ppb of endrin.
The vater contained less than a part per billion and the sediment from 4 to
5 ppb. By 1969, it was realized that pesticides were present in most of
the major river systems in the United States. A network of approximately
100 monitoring stetions in operation since 1958 had confirmed this fact.

With the monitoring of rivers and other enviromnmental samples, year
after year, dieldrin and DDT and its related compounds were consistently
the dominant chlorinated pesticides reported. However, the presence of
chlorinated compounds other than these insecticides as residues in
environmental samples had been suspected for a number of years. Roburn
(1965), in an investigation of a number of wildlife samples, showed that the
total content of chlorinated hydrocarbons was greater than could be accounted
for by the insecticide, and inferred that other chlorinated compounds were
present. Eidelman (1963), in his examination of Horvegian cod liver,
reported "compounds in the region of DDE, TDE and DDT" on his chromatograms.
The identification of a group of polychlorinated compounds by Jensen (1966) and
Jenaen et al.(1969) and Widmerk(1967) in the Swedish environment first drew
attention to the polychlorinated biphenyls as envirommental pollutants.
About the same time they were found in the wildlife in Great Britain (Holmes
et al., 197), in the Netherlands (Koeman et al., 1969), and North America
{Risebrough, 1969). Like DDT, the PCBs vere first identified in 1881 and
have been menufectured exclusively by the Monsantc Chemical Company since
the early 19305 in the United States. PCBs are also produced in Europe,
Japan and the USSR.

The major uses of PCBs derive from their high dielectric constant,
non-flaxaability and plasticizing abilities. They are employed as fluids in
capacitors and transformers, as hydraulic fluids and heat-transfer liquids.
As a plasticizer, PCBs have found use in adhesives, sealants, automobile
tyres, brake linings, paints and printing ink. Like DDT sales, the PCBs
steadily increased, and in 1970 vere estimated at 34,000 tons (Homeond, 1972).
Monsanto vas reluctant to revesl the production figure, but pressure from
environmentalists, as wvell as evidence of universsl contamination, caused
Monganto not only to reveal production figures, but to phase out the use of
PCBs in heat-transfer systems, to discontinue the production of some highly
chlorinated PCBs, and to confine the use of PCBs mainly to closed electrical
systems.

Since 1971, Monsanto has restricted the use of PCBs, yet like the
chlorinated hydrocarbon insecticide, they have become ubiquitous in the
world's waters. PCBz are very stable, resist degradation by natural
environmental forces, have small but finite vapour pressures and are
practically insoluble in water (Chan, 1972). These properties ensure their
persistence after the manufactured product becomes a waste product. Once
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in the environment PCBs appear to behave like DDT in their movements
through the ecosystem (Risebrough, 1968, 1969; Chan, 1972).

Once PCBs were identified they were found in most of the environmental
samples analyzed. Researchers at Woods Hole measured high levels of PCB in
plankton samples, and found that open-ocean levels were 10 - 100 times higher
than those observed in coastal plankton. Also, plankton contained more PCB
than did the fish, indicating that both received PCB directly from the
wvater (Holden, 1970). The growth of diatoms wvas inhibited (Mosser et al.,1972)
PCBs are often toxic to crustaceans, molluscs and fish a‘. concentrations of
Just a fev parts per billion (Duke et al., 1970; House., 1972). Much of
the information on the toxicity of the PCB, Aroclor 125!, wvas sumarized
from the research done at the Gulf Breeze Laboratory during the past T years
for the House Committee on Merchant Marine and Fisheries (1976). After
discovering a leak of Aroclor 1254 at the Monsanto plant in 1969, Duke and
his associates monitored the environment and did laboratory studies to
determine the effects of Aroclors 1016, 1242 and 1254 on, and bio-accumulation
by, estuarine organisms. They concluded from their field studies that
polychlorinated biphenyls: i) do occur in the marine enviromment; ii) are
readily dispersed from point sources; iii)are persistent; and iv) are
concentrated in animals, plants and sediments; and from their controlled
laboratory studies that: i) various PCBs are toxic (at the parts per
billion level in water) to shrimp, fish and other organisms; ii) animals can
obtain PCBs from water, sediment or food organisms; and iii) these chemicals
are bio~accumulated.

It is well known that both the chlorinated hydrocarbon pesticides and
the PCBs have reached all parts of the marine environment (Risebrough et al.,1968a,
1968b; Frost, 1969). Bidleman and Olney (1973) confirmed their widespresd
distribution in the Sargasso Sea, and Harvey with others (19T4) showed both
the industrial PCBs as well as DDT residues were to be found from 66°N to
35°S latitude. In an attempt to explain how the compounds resched the ses,
and knowing that the Mississippi river drains two-fifths of the land ares of
48 states as well as passing through one of the regions of heavy pesticide use at
its southern end, Corcoran and Lee (1970) studied the ehlorinated hydrocerbon
concentration of the waters entering the Gulf of Mexico, the river and Gulf
sediments and the benthic organisms. While some entered the Gulf of Mexico
from the Mississippi river, most of the pesticide was lost to the sediment.
Once in the sediments, they can be concentrated by benthic organisms, taken
up by fish or brought to the surface by stirring or rooted vegatation. From
the surface, the chlorinated hydrocarbons can be concentrated into slicks
(Seba and Corcoran, 1969) from which birds feeding on organisms below the
slick can receive large dosages of the chlorinated hydrocarbons, or the
chlorinated hydrocarbon can vapourize and co-distill into the atmosphere.

Dr Edward Baum (1974) states: "Pesticides are usually introduced into the
atmosphere as aerosol sprays or volatile gases", while Frost {(1969) says,

"The pesticides also vapourize as a result of their tendency to accumulate at
the surface of the water where they are carried off into the atmosphere as

the water evaporates”. Using DDT production figures and assuming rainfall to
be the dominant method of removal from the atmosphere, Woodwell et al. (1971)
estimaled the almospheric residence vime for chiorinated nydrocarbons to be
3.3 years. In a study of the Bermuda area of the Sargasso Sea, Bidleman

and Olney (1973), making the assumptions that: i) PCB has a constant
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concentrration in the tropopause; ii) PCB is uniformly distributed in the
upper 100 metres and has & residence time c¢f b years (Broecker, 1963); and
iji)the major source of PCB input into the ocean is via the atmospheie, have
estimated that the residence times for PCB and DDT are between 40 and 50

deys, or about 20 times shorter than previously estimated. In two recent
still unpublished studies, McClure and LaGrange have shown the half-life in
the troposphere of aerosol, high-boiling-point hydrocarbon is about 5 hours.
Consequently, the atmosphere cannot be considered to be & large reservoir

for these pollutants. They also found that dry deposition accounts for

the majority of the chlorinated hydrocerbon fallout. Hence, this could lead
to severe local contamination of land areas (within 100 lkm) before atmospheric
transport would produce global contamination. '"On the other hand, a pollutant
entrained in an ocean current could easily have started its journey from an
urban area as an aerosol.” Thus, the global transport of chlorinated hydro-
carbons to the remote areas of the globe is probably by ocean currents or
possibly by migrating birds or animals.

Nowv after having had chlorinated hydrocarbon pesticides with us for
30 yeers and the polychlorinated biphenyls for over 40, we are still plagued
with their presence. As Duke at Gulf Breeze will testify, the leask of PCBs
into the environment has been corrected for about T years, but two oyster
beds located 8 miles from the original source, still contain measurable
amounts of PCB. Although the lower Mississippi river bottom is devoid of
organisms except for an occasional wormtube (Corcoran and Lee, 1970), a
condition confirmed by the author in 1975, the oysters in Barataria Bay and
adjacent estuaries are still contaminated from earlier spills. Some years
will go by before a kepone-free® fish can be obtained from the Jewes river and
certain parts of the Chesapeake Bay. But what about us? Will we be like the
birds: & declining populstica, from cating food with sub-lethal concenvrations?
After all, it has been just a little over a generation since the first
introduction of chlorinated hydrocarbons. Whet are some of the questions we
must ask ourselves?

Do the chlorinated hydrocarbons bio-accumulate? There is evidence
Tor both sides of the question. Much more research is needed here.

Do the PCBs and the chiorinated hydrocarbon pesticides move through
the environment in the same manner? George Harvey and his sssociates say no.

Has technology kept pace with the need to measure minute quantities
of chlorinated hydrocarbons in our environment? The gas chromatograph was
developed with an electron-capture detector cepable of measurigg picogram
quantities. When dieldrin could not be separated from the pp~ DDE the
column coatings OV-17, QF)l, etc. were developed. Interference of the
sulphur and BHC was eliminated with copper treatment. Precisely
deactivated absorbents can be used to separate PCBs and other chlorinated
hydrocarbons. Confirmation of findings can be done by mass spectrometry,
coulometry, liquid chromatography and thin-layer chromatography.

Can chlorinated hydrocarbon research and monitoring be done in ]
developing countries? An excellent study wvas just completed by Duursma in

Indonesia (Duursme, 1976).

% Kepone is & chlorinated hydrocarbon insecticide (Clo Clyg 0) also
known es Chlorodecone.
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What is the best way to collect semples for chlorinated hydrocarbon
analyses? A recent unpublished paper by McClure, Scura, Theilacker and
Rommel shows an association between chlorinated hydrocarbons and colloids.
This paper will cause us to re-examine all our collecting technigues.

What are we as scientists going to do about the bromates formed in
the sea by the heavily halogenated sewage effluents?

What is the greatest need for scientists studying chlorinated hydro-
carbons in the environment today? The greatest need is for e method of
quickly determining the total concentration of chlorinated hydrocarbon in
the environmental samples, because it is the total amount that affects the
organisms - not DDT alone, nor PCB, nor endrin, but their collective
influence.

These and many others are questions we must face and ansver; as
Risebrough said: "The continuing need is for solid data that will ansver
the pertinent questions, and for impartial, independent interpretations of
these data by scientists who employ a variety of methods and approaches and
whose conclusions are not influenced by political or commercial considerations”.
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Notations

vortical turbulent transport coefficient for momen-
tum

concentration of contaminant

surface wave phase speed

drag coefficient

Coriolis parameter = 2w _sing

turbulent diffusion coefficients in the x, y, z

directions, respectively
Brunt-Vdis#dld frequency, or stability frequency

horizontal current vector

gradient and flux Richardson number, respectively
time

friction velocity in water and air, respectively
velocities in the x, y, z directions, respectively
fluctuating velocities

wind velocity

orthogonal coordinate axes; z positive upwards
rate of energy dissipation per unit mass

von Karman constant

latitude

water and air density, respectively

angular velocity of the rotation of the earth
internal stress

wind stress and bottom stress, respectively

longitudinal (x-direction) and lateral (y-direction)
variances of a horizontal concentration distribution,

respectively
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1. Introduction

The dispersion of a dynamically passive contaminant by natural
physical processes is considered. By dispersion we mean the total effect
of different processes acting to produce uniformity in the spatial
distribution. There are tvo main classes of processes responsible for
the dispersion:

i) advective (or convective), implying transportation of the
contaminant, thereby causing a local chenge in the concentration;

ii) diffusive, implying a random local exchange of the property
(wvater) without causing any net transport of water.

Absolute dispersion is the dispersion observed relative to a fixed
origin, one-point dispersion. VWhen the dispersion is observed relative
to a moving origin it is called relative dispersion (two or more particle
dispersion).

In principle only molecular diffusion should constitute class (ii).
Hovever, in order to determine the advection, a compleite knowledge of the
field of motion is required. Since this cannot be achieved, at present,
ve are forced to define averages over certain time- and space-scales.

These averages determine the advection, and the fluctuations around them
determine the diffusion. The definition of the time and space scales must
to a certain extent depend upon the specific problem or area at hand. A
proper scaling of the problem at hand is often crucial. In Table 1 some
hagic sealing parameters common on osesnography are summarized, It would

lead too far to discuss them here.

The physical dispersion of pollutants is influenced by such
environmental factors as:

wind, surface waves

radiation (incoming and outgoing), convection, evaporation
and precipitation

salinity, temperature and density (or bouyancy) distributions

currents and current distributions, including tides and other
rotational effects

turbulence (which in this paper always means three-dimensional
turbulent motion), internal waves

In addition to these usually highly interrelated physical factors
come the chemical and biological factors and their interactions. In this
peper some of the effects of physizal factors on the dispersion will be
discussed. The flocculation process and other chiefly chemical effects of
the salinity and temperature will not be discussed. Suffice it to mention
that laboratory experiments have demonstrated that flocculation considerably
influences the gravitational settling velocity of the solid material
contained in sewage sludge (12). A settling velocity of the order of
1 metre per hour seems to be representative for the flocculated state. In
the surface layer of the sea the turbulent transport will effect a vertical
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Table 1. Some common scaling parameters.

Type Parameter Scaling
Boundary layers
planetary thickness H! H? “‘ux/f
Yy
Ekman thickness D D= n -7
. ux
constant stress thickness h! h' = 0,2 VE;'_f—
u 3
Monin-Obukhov 1ength1) L = %
» " B(0)

wind~mixed layers

Turbulence

baroclinic instability

rotation-buoyancy

buoyancy-inertia

( Ozmidov scale )

inertia-viscosity

( Kolmoprorov scale )

1) B(z) = —g-%;'-‘?l

thickness h

Rossby radius R

lenght Xb

length NN

length Xr

is the buoyancy flux.

P
=
il

h = uﬁ\/t-N ( for

small times t ) a

. 4
maximum h 2

max \",ﬁ

g'H/f
water depth)

cont.
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Type Parameter Scaling

Transfer coefficients

neutral conditions K ,A = - nou .z

very stable A - n u;ELRf

— Rf.e.N~

n

very stable K
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spread at least one order of magnitude larger than this. In deep layers
and in stratified fjords and enclosed seas, the vertical transport due to
mixing can often be of the same order as, or less than, that due to the
gravitational settling.

The aim of this paper is not to produce a list of formulae which may
be used to predict dispersion. Some such formulae do exist, but they are
often semi-empirical and have only been partially verified by observations
of a local character. Consequently they must be used with great caution.
Rather, the aim is to discuss various factors in the sea in relation to
dispersion. Despite considerable progress in the last decades on the
problem of dispersion in the sea, we can only parameterize and predict the
dispersion in a few simplified situations. In many cases we do not know
the dispersion process, and cannot formulate the proper forcing functions,
much less predict the response.

2. General Considerations

2.1 Partition of the ocean environment

Most parts of the ocean, including the shelf areas, are characterized
by a relatively stable density distribution. As a consequence, the
turbulence in the ocean is much weaker than in the atmosphere, and the wave
motion plays a very important role. Considering these two characteristics
of the marine environment, it is pertinent to divide the water column into

four different layers:

i) the surface boundary layer where atmosrheric effects dominate;

ii) the pycnocline (thermocline and/or hzolocline) layer where the
buoyancy effects dominate;

iii) the deep-water layer where internal waves tcre very important and
turbulence occurs intermittently.

iv) the bottom layer where bottom friction dominates.
Furthermore, it is often necessary to give special consideration to
regions such as upwelling areas, estuaries, fjords and enclosed seas, where

local features can determine the conditions.

2.2 Dispersion model

The dispersion can be studied by various equations and models. In
many cases the so-called advection-diffusion equation is used, here assuming
a passive contaminant:

o)

3C ,  3C , . aC aC _ 3

1 — e Y ——— - ——
v i\

ac Cy _ 9 4 9Cy _ a aCy _ (
3t - Yaax Yoy T ¥ ez T ox “x ox’ K ’ (K 2 (1)

I

x’ "3y 'y oy
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Here C is the concentration, u, v, w are the current velocities and
Kx» Ky, Kz the turbulent mixing coefficients in the x, y, z directions,
respectively. The term I includes sources and sinks as well as interaction



- 176 -

phenomena when more than one substance is present. Here conditions
influencing the left-hand side will be discussed.

2.3 Scale effect

The horizontal motion in the sea covers scales ranging from those of
oceanic circulation to molecular ores. Long time-series of current
measurements (e.g. 16, 21, 22) show that the tidal and inertial motions
have high energy levels. The peak corresponding to the inertial period is
often conspicuous in the power spectrum. In general it has not been
rossible to resolve longer-period oscillations. The possible existence of
such oscillations is of great importance for the dispersion efficiency of
an area.

As for the short-period fluctuations, the energy densityv decreases
rapidly with increasing frequency; Webster (70) found an energy decrease
conforming with the -5/3 law for periods less than 6 hours.

Consider now the relative dispersion of a cloud of a passive
contaminant on the surface or in an internal layer where the vertical
gradient of the horizontal current (i.e. vertical shear) is negligible,

Then the scales of motion much larger than the cloud will transport it as a
vhole. These are the advective scales. The scales of motion much smaller
than the cloud will act in a diffusive way to homogenize the distribution
inside the contaminated area, The scales of the same order of magnitude as
the area will distort it and create a larger area for the smaller scales to
act on. The diffusive efficiency, defined as diffusivity contribution per
unit kinetic energy (11), is largest for the small scales. These contain
very little energy whereas the bulk of the energy is contained in the large
scales. This implies that the efficiency of the turbulent dAiffusion will
increase as the size of the contaminated area grows, until it is of the same
order of magnitude as the largest energy-containing sceles present in the
varticular region. Beyond this no significant increase of the effective
diffusion with the scale can be expected. The time-dependence of the
spreading can be determined by giving the variance of the concentratign
distribution vs. time. For the rotationally symmetrical variance g “,
defined by r

e ]
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several studies suggest that ord o t2. "Here r is the equivalent radius
for the concentration isoline C. This is in good agreement with the
theoretictl result of Joseph and Sendner (76) giving

g2 = 6pP%t? (2)

r

where P is the horizontal diffusion velocity. Very often a horizontal
diffusicn coefficient Xp is introduced together with a length scale Iy,
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The functicnal dependence of the horizontal diffusion coefficient
Kh on the scale 1y ras been found on observational grounds to te

K =c 1h“ (3)

A

Recently reported values of n and c are piven in Table C.

The similarity laws of turbulence (1) predict

o 1/3 , 4/3 (4)
Kh = constant ¢ lh

where ¢ is the rate of energy dissipation per unit mass. The value 4/3

of r is in arreement wit: the well-known Richardson law {57). It cannot

be concluded that the assumptions tehind the similarity laws are fulfilled

in the case of ocean turbulence simply because the empirical value of n is
close to L/3. On the contrary, these assumptions cannot be expected to

hold in the stratified sea over the large range of scales under consideration.
Ozmidov (52, 53) pointed out that the energy is supplied on a few typical
scales, namely: at atmospheric (global) pressure distributions, of the

order 1,000 km with energy influx per unit mass € = 1077 cm® seEB, the tidal
and inertial oscillations, of the order 10 km with ¢ = 1073 em® seEB, and the
surface gravity waves of the order 10 m with ¢ = 107! cm? sed3. The scale
interval between these input scales is so large that, Ozmidov speculated, the
turbulence may become isotropic by the cascade process.

In many coastal and shallow water areas, tidal oscillations, together
with local winds, are the important energy sources. The range of scales
covered by these motions is limited; furihermore the coast will prevent the
formation of large-scale, fluctuating motions. This implies that the
contaminated area will reach a critical size after a relatively short time,
beyond which no significant increase in the effective diffusion will occur.
This situation is illustrated by large-scale dye experiments described by
Talbot (63) in the North Sea. Kullenberg (34) compiled several sets of data
from shelf seas and found that for scales larger than a few kilometres the
value of n decreased noticeably (Fig. 1). Similarly, in the Baltic the
value of n appears to be one for sub-surface layers. It should be noted
that this applies to coastal waters and shelf seas. Several authors have
suggested that a constant, scale-independent, effective diffusion
coefficient should be used in coastal waters, especially when the absolute
dispersion relative to a fixed point-source is considered (e.g. 10, 25).

Inertial currents, i.e. horizontal oscillations with a period of
t/wysin@ , are very promiment features in many stratified waters some
distance from the coast. They are generated by meteorological forces (56),
nmost effectively by winds with periods less than the inertial period. The
inertial motions are built up in the surface layer of stratified waters and
penetrate gradually to deeper layers. They Go not change phese with depth,

In near-neutral conditions the wind energy seems to act on the whole
water column. Gascard(20) studied this situation in the European
Mediterranean and demonstrated that stability oscillations were then



Table 2. Recently reported results on the reletion between the apparent horizontal diffusion Kh and the
horizontal length scale lh.

Reference Area, depth Range of Exponent Coefficient Number of
]‘h (em) n ¢ date points
Okubo (LL, p.T70) Ocesn, surfece 10°% -10° 1.1 0.11 6
Okubo (Lk, p.90) Ocesn, surface 10% -10° 1.19 2.3 10 2 27
10% -i0® 1.23 , - 8
Okubo and Ozmidov (49) Ocean, surface 10% -10° 1.33 (2.3-0.6)10 3 -
Okubo (47) Ocean, surface 10* -107 1.15 ¢ 1.0 1072 57
Kullenberg (33) Coastal, subsurface 103 -10% 1.31 1.3 108 21
Kullenberg (34) Coastal and open sea,
subsurface 103 -10° 1.21 3.0 10 3 L6
Kullenberg (34) Coastal and open sea,
surface and subsurface 103 -107 1.32 1.1 10 3 59

Not determined by least square fitting.

8LT
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important, vith a period corresponding to the Brunt-VHisdild frequency K.
In such situations, strong, depth-penetrating vertical motions occur.

In stably stratified waters, which is the most common condition, the
vertical motion is very small and the vertical convective term in eq. 1 is
usually neglecuved. The effect is included in the vertical diffusive term.

In stratified conditions the turtulence can beccme fully suppressed
and the motion transformed t0 vave motion, internal wvaves. They influence
the vertical position of a contaminated layer by the oscillation, but
effective mixing in this cese only occurs vhen the vaves break. It appear
that an instsbility of an internal wave field is often due to sheer
instability. A relevant criterion for the existence of turbulence is then
the Richardson number criterion: when Ri >1/4 in the vhole water column the
motion is stable (no turbulence).

The discussion so fer about the spreading cloud is applicable when
there is no vertical shear in the contaminated layer, or when the contazinant
is fixed at the surface. When there is shear the vertical shear effect will
influence the dispersion of the contaminant. The shear »ffect is the
combined action of vertical diffusion and vertical shear, generating an
apparent horizontal diffusion. This mechanism is very important in many
areas, both coastal waters and open seas. Then it can be expected that
oscillating horizontal motions with shear will affect considerably the
spreading, even when the scales of the motions are larger then the cloud (34).

The separation between advection and diffusion must be considered from
case to case. It is quite clear that the oscillations of the motion are of
central 1mportance for the dlsperslon, and the average, or residuul, current

iz nr ecessarily & good measure the dispersion.

The layers defined above will now be discussed separately.

3. The Surface Boundary Layer

This layer is influenced by the wind and wind-generated waves,
radiation, convection, precipitation and evaporation. Its thickness is
determined in most areas by a balance between the mechanicel mixing induced
by the wind action 2nd the sources of negative buoyancy operating at the
surface. The rotation of the earth is in general important, implying that
the wind current changes both magnitude and direction with depth.

3.1 VWind and waves

The wind transfers momentum to the sea by turbulent air motion. a
Phillips (54) Cemonstrated that the momentum flux to long waves (¢ > Su_ ") is
a small fraction of the total transfer. The molecular viscosity and drag
induced by short waves seem to dominate the transfer process. The wind
stress is usually given in the form

] A
To = Pa €3 ¥10 (5)
where p, is the air density, cq the drag coeffieient, and W o the wind speed
at 10 m, Recent observatlons suggest that cg » (1. 3 0.3) 1073 for
5 n sec™l < W, <20 m sec” 1(30), and that the height of observation of the
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wind speed is not critical. Since the momentum transfer to short waves
dominates, the drag is practically independent of the mean square height of
the waves and the fetch. The energy flux to long waves, on the other hand,
is considerable. It can be of the same magnitude as, or larger than, the
energy flux to ;he wind-induced current (54). It should be pointed out
that the processes active in the transfer are not yet well understood.

The transfer of momentum from the air results in the generation of
turbulence and drift currents. 1In general the turbulence will penetrate
down to the first density interface, the depth of which depends upon the
strength and persistency of thz wind, as well as upon the buoyancy flux at
the surface. The penetration to the top-most interface (pycnocline) is
usuelly rapid, a matter of hours for winds above -5 m seec-l, The
deepening of the mixed layer, however, is a much slower process.

A considerable amount of turbulence is generated by the breaking of
the vaves, and an intricate problem is the relative importance of the wave-
induced and the directly wind-induced turbulence. This questiru has not yet
been resolved. It seems that the wave-generated turbulence is concentrated
near the surface (61). It appears that this type of turbulence penetrates
very little iuto the deeper layers. Investigations by means of dye and
Tfleats in the surface layer suggest that the dispersion is stronger in the
top few metres than in the deeper parts of the surface layer (L48).

Several aspects of the surface wave dynamics are of importance for the
dispersion (54, p.33 f).: The particle orbits are not exactly closed causing
a mass-transport. The influence of the molecular viscosity gives rise to an
additional shear which adds to the mean vertical shear. On & contaminated
surface the attenuation of the short waves is greatly increased. This
provides an inward force at the edges of a lurge siick helping to maintain
its coherence, whereas the net force is large enough to transport a small
slick in the mean direction of the short waves. In water of limited depth
the friction in the water induces a mean forward velocity near the bottom,
which is significant in problems involving the sand or sediment transportation
by wave action.

The surface layer can also be mixed by wind-induced cellular motion
called Langmuir cells, The generation mechanism as well as the depth of
penetretion of these cells are debatable. Most evidence (e.g. 80) suggests
that the penetration is limited to the top 10 metres. The cells are observed
for vinds about 4-5 m sec™l when foam lines are formed in the convergences;
downwelling velocities in the range 1-10 cm sec™l kave been reported, but
reliable observations are very difficult to obtain. The upwelling is more
diffuse, spaced between the lines of convergence.

3.2 Vertical transfer coefficients

In the surface layer the vertical turbulent eddy viscosity A can be
related to the wind force as done by Ekmen (1l; 62), who found the relation

A = T7,3107° Wae (em® sec-l), vhere W, > S m sec”L, (6)
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(The numerical coefficient has been recalculated by the present author
using the new values of the drag coefficient cited above) whereas Kullenberg
(34) found

-5 2

w2 (cm sec-l), vhere W_ > 5 m sec-l. (6a)

A = k110 a

Turner (66) considered the energy budget of the wind-mixed surface
layer, observing the local changes of the temperature structure and deepening
of the thermocline over some hours in the open sea. He related the observed
changes to the energy 1nput from the wvind and found that this was
considerably larger than u, °t,, but that only part of this enmergy wac used
for mixing across the density interface. The energy input from tnae wind can
be expressed as V, ° 1, where Vo is the vind current velocity at the surface.
This is very nearly 2% of the wind speed. Several authors have subsequently
confirmed that only a small fraction of the energy transferred from the wind
to the water is consumed in vertical mixing.

The vertical turbulent diffusivity Kz has also been related to the wind
force, but_ the scatter in the observatlong is large. For a wvind force above
-5 m gec™1 Kullenberg (31) found K, using observgtions from sub-surface
dye experiments, whereas Bowden et al (7? found K; = W, using dye observations
in the top few metres. The difference in results could be explained by the
enhanced dispersion in the top metres because of wave action. A representative
range of K, in the vwind-mixed layer in shelf seas is 5-50 cm® sec™l, 1In very
strong winds and near-geutral conditions larger values of X, can be expected,
of the order of 160 cg” sec™™. Only in homogeneous conditions can it be
. expected that Kz = A, In stratified conditions Kz < A.

Since considerable scatter has been found in the relation between A and
the vind speed, it has been suggested (72) that the eddy viscosity is related
more to the wave spectrum than to the wind itself. This quest1on has yet to
be resolved. The semi-empirical relations between A and W can in any case be
used to estimate A.

3.3 Vertical shear effect

The development of the wind current involves time scales of the order
of days. The wind current effects dispersion both by advection and mixing.
The shear in the wind current system is considerable, and the vertical shear
effect is an important dispersion mechenism in many areas. The shear results
from wind currentg, slope currents, tidal currents, and wave effects. The
vertical shear is an extremely important dispersion parameter. The form of
the current spectrum is also of great importance, and the characteristic
periods of the currents in an area should alwayg be investigated.

There are two different regimes of the shear effect: (i) The case
vhen the contaminant is occupying an internal unbounded layer; then the
effective horizontal diffusion is proportional to the vertical diffusion
AnalPI Al and ¥ (22 Mece acmcmn ~P VT mernm hmecedad Tee doom S emen o oee P iy
CWCL L LG ACTHY Ny \.l..l.[ 1€ Case C1 & daycs wuuucu vy uvwu J.myt:l.uu:u.u.l.c uUl..l. vavad

boundaries; then the effective diffusion is inversely proportional to the
vertical diffusion coefficient.
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Bounded case : Bowden (5) and Okubo (45), among others, treated the
bounded case, considering « current field consisting of a uni-directional
steady current with a superimposed oscillating component in the same
direction. The amplitudes were functions of the depth z. They predicted
that in a stable density gradient when K, is decreased, the horizontal
dispersion is increased since Ky = Kz~%. Bowden considered the shear
effect to be important for relatively small scales, up to about 10 km. For
larger scales the purely horizontal turbulent mixing would be the dominant
factor.

Unbounded case : The unbounded case has been studied for instance by
Carter and Okubo (9), Okubo (45) and Kullenberg (33, 34). Carter and
Okubo included steady vertical and horizontal shears in a uni-directional
current field, U. They incorporated the small-scale motion by means of
effective horizontal diffusion coefficients as well as vertical diffusion.
They found that the shear terms, being proportional to t3, will dominate the
longitudinal veriance already at small diffusion times. The variance is
proportional to the square of the shear. It is noted that with this
formulation no shear effect is obtained in the lateral direction.

Kullenberg (33) considered a model with a steady, depth~dependent
current and a superimposed oscillation with a longitudinal and lateral
component. The amplitude was variable with depth but the phase and period
vere constant. The mixing due to the small-scele horizontal turbulence was
neglected, an approximetion based on observational evidence; Kz, as well
as the vertical shears, vere treated as constants in the leyer under
consideration. The model was found to give a reasonable prediction of the
horizontal diffusion (Fig. 2). In the Figure data have been used from
experimenis by the author (34) and from the large-scale experiment RHENO (71)
in the North Sea. Sceles up to about a week are covered. The result
clearly demonstrates the dependence of the dispersion on the vertical current
shear and the oscillating current components. When two oscillating
components are included in the model it is feind thet the oscillation with
the largest period is most important, provided the gradients of the
amplitudes are the same. In many cases in the field, however, the low
frequency oscillations tend to have relatively small vertical variations.

Usually, the _horizontal concentration distribution in a shear flow is
asymmetrical and 0,° >o 2,  This implies that the effective horizontal
diffusion coefficient is not symmetrical. In genersl, rotationally
symmetrical models should be avoided for the interpretation and prediction
of diffusion in coastal waters.

The importance of the vertical shear effect has also been demonstrated
by Talbot (63) for waters around Great Britain. It is more difficult to
ascertain experimentally the influence of the horizontal shear effect,
largely because it is extremely difficult to measure the horizontal current
gradienis. Most recent investigations suggest that the vertical shear
effect is dominant for scales up to about a week, but no doubt the horizontal
shears will become important over larger time scales.
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3.4  Buoyancy generation

A number of processes operating at the surface will generate a net
flux of buoyancy across the surface. This buoyancy flux is in most cases
negative, and will tend to create a stable stratification which absorbs the
mechanical turbulent energy generated by the wind action. The thickness of
the wind-mixed layer as a function of the wind force was: deduced by
Kitaigorodsky (28) for open-sea regions. He found that the thickness would
increase from 10 m to about 30 m for a wind increase from 5 m sec™l to
10 m sec™l.

Turner and Krauss(68) developed s one-dimensional model for the
seasonal thermocline disregarding advection and rotation. They demonstrated
that the thermocline depth is determined by a balance between the locally
wind-induced mixing and the heat input. The wind stirring was shown not to
penetrate beyond the topmost density interface. Since both the heat input
and the wind force can vary over the warm season, several density steps can
be generated and preserved in the water column until the cooling season.

Phillips (54) found, by means of similarity arguments, that for small
times the layer thickness is proportional to the time t. On the other hand,
luboratory experiments by Kato and Phillips (27) suggested that the increase
of the mixed-layer thickness due to erosion of the underlying stable
pycnocline layer is proportional to £1/3, In a recent study, de Szoeke and
Rhines (79), demonstrated the existence of several asymptotic regimes for
the deepening of the wind-mixed layer. After an initiel linear rate of
deepening, further deepening by erosion follows at a rate « t1/3, yhich in
turn is transformed into a regime where the gemeration of turbutf energy at
the base of the layer is important and the rate of deepening « « After
about one-half pendulum day this regime breaks down and erosion takes over
again. It should be pointed out that the density interface is not destroyed
by the erosion, but is gradually sharpened and forced downwards.

3.5 Vertical mixing in stratified conditions

Often a shallow mixed layer, 5-10 m deep, is followed by & gradual
increase of density towards the pycnocline. In stably stratified waters the
vertical component of the turbulent motion is suppressed. This means that
the turbulence is weakened, since the production of turbulence is coupled to
the existence of a vertical component (60). 1In such conditions the vertical
mixing is strongly decreased.

The Richardson number and the ratio K,/A: The momentum transport is
not suppressed as much as the mixing of a passive contaminant, implying that
K, < A, The ratio K,/A is then of great interest and has been subject to
many theoretical studies and experimental investigations, most of them in the
laboratory. It is generally found to be a function of the gradient
Richardson number, Ri,

2 2
{ = -840 frdq\ _ 2 /fdq e
Ri p dz (dz N az s 2 positive upwards

vhere p is the density and q the horizontal current vector. The symbol N
represents the stability frequency or the Brunt-VHis#lH frequency.




- 184 -

Munk and Anderson {37) found the relation
kA = (Q+10rD)} /(133382 (1)

vhich has been much used. It was found to compare reasonably well with
recent observations in the Mersey Estuary (6).

The flux Richardson number, Rf, is defined as the ratio between the
energy absorbed by the buoyancy forces and the total available turbulent
energy; therefore,

Rf = Ri ° (K,/A) (8)

In the stable conditions (Ri > 0.1) encountered in many areas of the
sea, the ratio Kz/A is well approximated by a relation of the form

K,/A = Rf_/Ri (9)

vhere 0.15 > Rf, > 0.05. The critical value Rf, of the flux Richardson
number is the value reached by Rf when the turbulence is fully suppressed.

Ellison (15) investigated the conditions in the atmospheric boundary
layer &and deduced the relation

E& 3 (KZ/A)O (l—Rf/Rfc) (10)
A (1-Rp)?

vhere K_/A), ~ 1.1 and is the ratic in neutral conditions. This relation
follows “the trend found in laboratory observations and in the few existing
field observations quite well.

The gradient Richardson number, Ri, is a very important parameter.
Usually a meanirgful overall type of Ri-number (RI) can be determined from
observations with a vertical resolution of 1 to 5 m; commonly Ri is in the
range 0.1 - 10,

Vertical mixing related to environmental conditions: Several
investigators have tried to relate K; to the environmentel conditions, but
considerable work remains to be done on this intriguing problem. Kullenberg
(32), using the results of sub-surface tracer experiments in the depth range
5-30 m in coastal waters and open sea regions, proposed a relation of the
form

w 2
- dg
Kz—cl_—;-{d |, waz 5 m/sec (11)
N

P : - .
where cj =-%% . ¢q . Rf and is in the range (6-25).10 8. The experimental

27'

value is~10
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For shear-generated turbulence the following relation holds
(3; 32)

(12)

gls

2 -
K, N° = Rf

ol

The stress t is
T=-p (u'w' + v'w')

and ve can assume that u'v' « u'c and v'vw' « v'2, which assumption has been
used by many authors (e.g. 70). It implies that

Kz N2 '2 | | s q'2=u'? 4+ y12,

In order to verify this relation the fluctuating kinetic energy must
be determined. This is difficult, and requires long time-series of current
measurements. Relation (12) is equivalent to

= ~2
K, =REfeN (13)

using the expression

I(da
ezp(dz>.

Ozmidov {51) used equation 13 to determine K, for a range of
stratifications and energy dlsslpatlons, putting Rf = 0.1. Usually € 1s
found in the range 10 =3-10"5 cm?® sec3. In the wave breaking zone
Stewart and Grant (61) found a dissipation in the range 0.05 - 0.01

cm2 gec 3.

It is quite clear that the vertical mixing varies considerably
depending upon the conditions. It is, therefore, mean1ngless to inter-
compare observations of the vertical transport without giving due regard to
the environmental conditions.

3.6 Conclusions

Our knovwledge about the dispersion and its dependence upon the
environmental factors is most advanced by far for the surface layer. It
can be summarised that the wind, the current shear, and the stratification
are the most important parameters; that the motion is predominantly
turbulent, and that the dispersion is a function of the horizontal scale.
The thlckness of the wind-mixed or wind-influenced layer depends upon the
latitude and varies considerably over the year. In many areas it is
shallov, much less than 50 m, being shallowest during the warm season.
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' The Pycnocline Layer

Permanent pycnoclines occur in many coastal areas, and in temperate
latitudes seasonal thermoclines are developed during the warm season. The
formation of these is linked to the influence of the local wind, as
described above. ' The wind-induced erosion of pycnoclines is essentially
a one-wvay transport whereby water from the pycnocline layer is entrained in
the surfece layer.

4.1 Buoyancy effects

'

In the pycnocline layer the buoyancy forces dominate the motion,
suppressing the vertical exchange through the layer very markedly. Since
only a small fraction of the total turbulent energy seems in general to be
contained in the vertical fluctuations, the value of Rf, is small. A
representative value appears to be 0.1 (15; 34; 60), even though higher
values have been suggested in some cases. For instance, the Munk and
Anderson (39) relation gives the value 0.5. The value of the gradient
Richardson number Ri is mostly used as a criterion for the possible
occurrence of turbulence. The value 1/4 has been determined theoretically
(e.g. 36) as the critical value of Ri. VWhen Ri < 1/b in the whole water
column, turbulence can develop. Experimental investigations suggest that
the critical value cf Ri falls in the range 0.1-0.3 (e.g. 67). In the
pycnocline layer the overall Ri is usually greater than one, a common range
is 1-20, implying a marked decrease of the vertical exchange. Vertical
mixing coefficients in such layers in fjords, 5oastal wvaters and open shelf
sees tend to fall within the range 0.5-0.01 cm® sec™t, (18, 26, 3L, k6).

For the oceanic main-thermocline layer, Rooth and Ostlund (58) found a
value of 0.20 cm? sec™l by studying the penetration of tritium from nuclear
veapon testing.

Despite this low vertical exchange, the vertical shear effect is also
important in pycnocline layers as a dispersion mechanism. This is the case
bacause the current chear is often conslderably enhanced in these 1ayers.
This conpenaates for the decrease of K, since the shear is squared in
expressions for the horizorntal variances.

4.2 Entrainment

In many cases we have a well-mixed upper layer separated from a lower
layer by a sharp pycnocline layer. In the upper layer the fully developed
turbulence is maintained by the energy input from a persistent wind, whereas
the turbulence in the lower layer is much weaker than in the upper layer.
The mixing across the pycnocline layer is then driven by the turbulence in
the upper layer and is essentially a one-way transport upwards. This is
called entrainmment. This ceuses a gradual deepening of the pycnocline,
given by the entrainment velocity, u,. Laboratory (27) as well as field
studies (78) indicate that the entrainment velocity can be expressed as

- i . -1
u, = const . u, . Ri,
wvhere
g2 p
. Py
Ri =
u 2
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Here 8p is the total density difference between the upper and lower
layers, respectively, and D is the thickness of the upper layer. ,

4.3 Small-scale structure

The pycnocline surface is irregular because of the processes active
in the layer. The internal wave motion is important and turbulent motion
tends to occur intermittently (23, 42, 43). Besides the wind-induced
erosion, important turbulence generating mechanisms are shear instability
and breaking internal waves. These processes, combined with advection and
the very wveak overall vertical mixing, tend to give the pycnocline layer a
step-wise structure. Relatively thin sheets, of the order of decimetres in
thickness, with marked gradients, are separated by thicker, almost
homogeneous regions, of the order of metres in thickness. Refined
observational techniques are able to resolve these features of the salinity
and temperature distribution, but the corresponding small-scale current
structure has not yet been satisfactorily resolved. This is an important
task, and until it has been solved no clear understanding of the mixing
processes can be obtained. Even though small-scale and micro-scale
structures in pycnocline layers and deep waters have been detected in many
areas of the sea, their generation mechanisms are not yet fully understood.
The factors mentioned above seem to be important (24, Th). It is quite
clear that the type of structures described influence the dispersion very
much, since the distribution of a passive contaminant will tend to follow
the natural layered distributions of salinity and temperature. Fig. 3
shows some examples of simultaneous tracer and temperature profiles obtained
by the author in different regions. Such internal layers can survive for
several days after a dve injection of only a few kilogrammes.

It has been suggested that molecular. so-~called double-diffusive
processes, are active in the generation of the micro-structure in the sea
(see e.g. 6T for a review). These processes are due to the difference in
molecular transport coefficients of substances forming a stably stratified
system with oprosing gradients: for example, warm, salt water on top of cold,
fresh water or cold, fresh water on top of warm, salt water. The double-
diffusive processes will generate a penetrative convection of salt and heat
even though the system is stably stratified. Certain stability criteria
must be fulfilled for the occurrence of the convection, and the possible role
of these processes in the sea is not yet resolved. It should be noted that
the experiments by Turner (65) show that even in the presence of mechanical
stirring, double-diffusion can be active.

5. The Deep Water Layer

Deep water is here regarded simply as the water beneath the pycnocline
layer. In many shelf areas the mixing induced by tidal currents and winds
(e.g. most of the Irish Sea, the southern North Sea) is so strong that the
whole water column is nearly homogeneous all year rcund. In other areas
(e.g. the Baltic, the central North Sea) a deep water zone is present either
for the whole year, or during the warm season.

The vertical structure : Frcept in certain special regions, the.deep
water is stably stratified. The overall Richardson number is quite large.
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In many oceanic regions the water beneath the main thermocline is
characterized by a structure similar to the one found in the pycnocline
layer. The Richardson numbers defined by the small-scale structure can
be considerably less than the overall number, and thus small-scale
instabilities may occur.

Dispersion in the deep water : Not much is known about the dispersion
in the deep water. The influence of the stable buoyancy field is decisive
and the vertical mixing is weak. Relations like eq. 13 may be used to
estimate Ky although the applicability of this relation has not been
definitely established. Internal waves are a dominant feature of the motion
and possible mixing mechanisms are primarily connected with wave instabilities
of various kinds (17, 19, 2h, 4O, 50, T4). A representative range of
vertical mixing coefficients cannot be given; values in the range 0.1-0.01
cm® sec™l are indicated.

Moored recording instruments are now providing us with long time-
series of current records also in deep waters. Besides the tidal periods
the inertial period is important (e.g. 29, T0). Inertial motions have
generation and decay times of the order of a few days. It is important from
the point of view of dispersion that significant long-period oscillations are
usually not resolved; more observations are needed. Current measurements
of tuis kind can be used to estimate the mixing by means of the Taylor
hypothesis (64). The Lagrangian correlation coefficient Rp(1) for the
current velocities is then transformed into the corresponding Fulerian
correlation Rp(t'), i.e.

R (1) = Ry(t) (14)
assuming that 1 = g8 . t'

The magnitude of B depends upon the characteristics of turbulence.
For the ocean one may assume f = 1. This approach should be used with caution.
It requires that the turbulent (fluctuating) velocity is less than the mean,
and often this is not the case in the sea.

Mean current velocities as well as the tidal velocities in general
decrease with depth in the oceanic regions. The energy density of the time-
dependent motion and the rate of energy dissipation seem to decrease nearly
proportionally to the depth (e.g. 46, TO). Dispersion can be expected to
have a similar depth dependence, but the experimental investigations are still
too few to allow any definite conclusions as to the deep water dispersion.

6. The Bottom Boundary Layer

Thickness : The thickness of the bottom boundary layer is much less
than the surface boundary layer although the same physics are involved. In
some oceanic regions the thickness is about 1 m, and in most areas the bottom
friction velocities are less than the critical friction velocity for re-
suspension of non-cohesive sediments (65, 73).

Observations described by Wimbush and Munk (73) show the currents to
be driven by the semi-diurnal tide. They increase rapidly and decrease
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slowvly. The constant stress layer is of the order of 10 cm, the
logarithmic layer of the order of 100 cm and the Ekman layer 500 cm thick.
The range of u, is 0.02 - 0.20 cm . sec™! during a tidal cycle and the drag
coefficient is 2 x 10~

Of special interest is the stratification in the boundary layer which
unfortunately cannot be definitely determined. The value of the B - V
frequency in general decreases exponenttally with defth and an extrapolation

o 4,000 m gives 2 value of N = 5 « 107? rads + sec In several areas of
the ocean an increased turbidity (particle content) has been observed in the
bottom layer (C-100 m) over vast areas. The most recent concentrations
reported from these layers (Atlantic ocean) are in the range 100-10 ug - 1
The highest concentrations are found in connection with strong bottom currents.
The amounts appear to be too small to have any influence on the stratification
in the boundary layer.

In shallovw waters where tidal currents are strong and/or the wind-~
induced motion reaches the bottom, the boundary layer is of great importance.
Observations (e.g. U4) suggest a drag coefficient of about (2-4) - 1073. The
bottom friction velocity is u, = (T /9)3 and in the constant layer, vhich can
be several metres thick, the eddy v1scoulty Ap =Ru, 2, vhere z is the height
above the bottom. In the same_layer the rate of energy dissipation per unit
mass can be estimated as ¢ = u 3ﬁ!z.

Current measurements in the bottom boundary layer beneath the Florida
current gave an average value of uy, ~ 0.3-0. 4 cm - see 1, vith peak values
about 1.0 cm - sec™l (69). These occurred vhen the mesn and the tidal
currents reinforced each other. A critical value of u,; for transporting
fine sand at the bottom is = 1.5 em * sec™) which thus could be reached
occasionally beneath the Floride current. It appears that in general the
friction velocities are too low to cause re-suspension of sediments. It
seems lilely that re-suspension occurs on special locations vhere high
current velocities are prevailing. The dominating low-friction velocities
and bottom stresses suggest that the dispersion efficiemcy is low and the
boundary layer thin. Low vertical diffusivities are expected.

Interesting attempts to study the bottom nepheloid layers, using
combined observations of conduct’ sity, temperature and light scattering vs.
depth, are carried out in connection with the Geosecs programne.
Preliminary estimates of the vertical diffusion coefficients from these
observations infer values in the range 1 - 5 cm?® + sec™

Transport along the bottom : In many shallow-water areas high
velocities at the bottom lead to re-suspension of deposited material. The
stratification of the water column, the tidal currents and wind action are
decisive physical factors. In addition the bottom conditions and the type
of sediments are important factors. Thus, re-suspension will occur in some
areas all the year round during strong tidal currents, but in other areas,
where the tides are weaker, re-suspension will only occur on & seasonzl basis
vwhen stratification is weak and the wind-induced currents can penetrate to
the bottom. It should be noted that availahle ahmervations susmest thst the
turbulence generated by bottom friction only influences near-bottom layers.
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When bottom erosion occurs the concentration profile of suspended
matter in the constant stress layer is expected to be of the form

. F.Pr 2
C Cl'wuu In 2 (15)

vhere Cy is the concentration at the level z;. The flux of particles is
F and Pr = K /A, is the turbulent Prandtl number. When the net flux is
zero the following profile is expected

lng-=-w—'u—P£1n-:- (16)
1 WUy 1

vwhere v is the settling velocity. Thus, by observing the near-bottom
profiles of suspended matter, information about the conditions can be
obtained.

Finally, the feature of compensating bottom currents in shallow waters
should be mentioned. Their ability to transport material deposited at a
distance from the coast back to the coast has been amply demonstrated in
estuaries, river mouths, and along relatively shallow-water coastlines where
wind-induced upwelling is a regular feature.

T. The Lateral Boundary Layer

~oas

In adgdition to these vertically defined regions of the sea, the
horizontally defined lateral boundary layer between the land and the sea is
of primary interest. In this layer, with an overall width of about 10 km,
a number of transport and mixing processes occur which involve interactions
among environmental factors.

Large-scale events, where the rotation of the earth plays s role, are
generated by atmospheric forcing. Strong, jet-like coastal currents of
baroclinic and essentially transient nature are generated and are important
for the renewel of the coastal water mass (e.g. 13). In stratified waters,
internal Kelvin waves, i.e. waves with no transverse velocity, of tidal
origin and often trapped along the coastline are notable features (e.g. 38).
Coastal upwelling, generated by a persistent wind forcing the surface water
from the coast, gives rise to a compensating inflow at sub-surface levels.
This circulation pattern can effect the return to the coast of material
disposed at sea, especially when combined with a certain amount of vertical

mixing at sea (e.g. U4l).

Special transport phenomena are generated by the adjustment of a
stratified field, with quasi-horizontal isolines in the interior of the sea,
to sloping laterasl walls. Since there can be no salt flux through the wall
the isolines must curve to meet the inclined wall at right angles. As a
consequence the hydrostatic pressure at a point on the inclined wall is less
than at the same depth in the interior. The fluid near the wall will tend
to move upwards along the wall until the frictional forces balance the
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hydrostatic pressure deficit (55). A transport is thus induced. The
importance of this transport has nct yet been clarified, but since mixing

in the interior of the sea is in general very veal, the lateral toundary
mixing may te significant (L0, T5). On-poing investigations of the lateral
boundary layer in enclosed seas like the Raltic, where the internsl vertical
mixing is extremely weak owing to the permanent pycnocline, will provide
valualle information. The effects of the yrocesses in the lateral boundary
layer must le recogrized in connection with coastal waste disposal.

The near-shore zone : Dispersicu along beaches is primarily governed
Ly the wave conditions and to a lesser extent ty currents, those generated
ty meteorological forcing or tides, for example. The nearshore region is
sub~divided into swash, curf or btreaker, and offshore zones. The former
covers the area where the residual wave motion consists of surges ur and
down the beach face. The surf zonc is the area where the wave energy
dissipation essentially takes place. The latter zone extends from the
breaker line to the depth at which frequent disturtance of bed sediment by
wave motion occurs. Tt relation to this Jivision it is vertinent to
consider three aspects of the rearshore disrersion (81)

(i) Process occurring seaward of the treaker line (in the offshore
zone). In this region the mixing inducel by agents other than
vaves will normally dominate.

(ii1) In the surf zone the breaking waves generate strong vertieal and
korizontal mixing. The transiort across the breaker line is
considerably more effective than the longshore transport.

(iii) The dispersion due to the nearshore circulation cell, covering the
width of the surf and swash zones, and consisting of longshore
flow with seaward flow concentrated in rip currents. On a plane
beach the spacing between the rip currents is of the order of four
times the width of the surf zone. This water and susrended matter
are trensported into the surf zone by the breaking waves, carried
alongshore and returned by the rip currents. These are very
strong, of the order of 100 cm sec™l up to 300 m or more from the
shore, and consequently have considerable transporting and eroding
capacity.

The important aspect of this picture is the limiting of effective
dispersion to the surf zone., This is in part due to the less intense
turbulence outside the breaker line, but meinly due to the transport
(pumping) of offshore water through the breaker line into the nearshore
circulation cell. The longshore mixing is lesc intense than the mixing in
the breaker zone, and the material is mainly transported with the longshore
current, spreading along the beach. Very little spreading occurs upstream
vf the current. However, the direction of the current is influenced by the
direction of the incoming waves.

We may estimate the volume in which the released material becomes
diluted over a period of several hours. The height (depth) of the surf is
Hy, the widih of the nearshore circuiation cell is By, and the lengih of the
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cell (i.e. spacing betwecn rip currents) is Ly. The observations on straight
beaches suggest that.

L« N B, and B = (10 ~ 1oo)Hb

with 0.2 m ¢ H <€ 2m. Thus we have the volume V 2 Hb 4 - 50 SOHb . Hb.

With H = 1m the volume is 10% m3,

Observetions suggest that the longshore transport of sand is directly
proportlonal to the longshore component of wave power, 1ndependently of the
grain size. This indicates that the bed load transport is important. It
also appears that the finer grain sizes are transported offshore more
effectively than coarser grains for the same wave conditions.

Theoretical models for predicting the longshore currents and sediment
transport depending upon wave conditions and other parameters are available,
but the verification of these models is unsatisfactory, owing to lack of
reliable data.

On-offshore transport in the breaker zone occurs as both suspended and
bed load. Outside this zone, in the offshore zone, the sediment transport is
mainly bed load, the energy dissipation being caused mainly by bottom friction.

Different kinds of waves have different transporting properties,
Generally, short, steep waves generated by onshore winds have a stronger
tendency to carry material offshore than onshore (so-called destructive waves).
Longer waves on the other hand (swell) generated by distant storms tend to
carry material towards the beach (constructive waves). The nature of the wave,
its size, the profile, and the composition of the beach all influence the
action of the wave on the beach.

Normally the waves approach the beach obliquely which results in
coestal drifting, i.e. longshore transport of material along the bed. This
process can act &8s a aortlng agency separating different grain sizes. It
would lead too far to discuss all these processes in detail. Clearly they
should be considered in each separate case.

For depths exceeding a few metres the information available on transport
by wave action of suspended sediments is limited. Obwervations show that
surges with velocities above 30 cm sec™l cause temporary suspension of sand
grains.

8. Remarks on Buoyant Pollutants

Internal layers of contamineants are often created as a result of sub-
merged injections. The sewage will rise to the approprlate density level and
spread out horizontally. In many cases the contamipant is dellberately
trapped in a thermocline layer. The mixing in such layers is weak. The
possibility of double diffusive convection penetratlng the thermocline, with

conteminaticn of the surface waters as a result, cannot be ruied out. Since
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the density of the affluent, as well as the density stratification of the
vater, are time-varying factors, it is conceivable that several
contaminated layers will form. These are 8rread out in a fan-ghaped
pattern oving to the time-dependence of the vertical current structure.
The vertical concentration distribution will show large variability.

Contaminated particulate matter is added to the surface layers by
dumping, by atmospheric fall out, by adsorption of materials to plankton.
Generally these particles will sink, btut the sinking and sedimerntation rates
depend upon the size range of the particles as well as on the turbulence
level and the stratification in the water. VWhen mud containing lumps of
solid material is dumped, an approximately exponerntial increase with depth
of the concentration in suspension can be expected down to a certain level.
The water containing suspended matter will sink to an appropriesie level.
Various possibilities of predicting the distribution were discussed by
Kullenberg (TT). Again sharp, rather thin layers of contaminated water
will spread out in a way determined bty the current structure. 1In a stable
stratification, particulate matter may become trapped in strong density
gradients. In pycnocline layers the degradation of trapped particles may
lcad to increased concentrations of different substances in the water in that
layer.

0 Observations of Environmental Factors

Vith the above discussion in mind it is pertinent to consider briefly
the tyre of environmental observation that should be made to assess the
capacity of a given area as a recipient. First it is necessary to plan the
field observations carefully. TFor this purpose one should search for
existing informution and observations; e.g., from varions loecal authorities
and fishermen. It should be borne in mind that, very often, substantial
insight can be geined through fairly limited observations. It is not
necessarily a good idea to adhere to a very comprehensive and general
observationel programme. Rather, the field studies should be tailored to
the area in question, the purpose and the needs. Here follow some suggestions:

The vertical distributions of salinity, temperature and current should
be observed over periods long enough to permit the determination of
characteristic oscillations and variations; i.e., the spectral distributions.
It is desirable to obtain some knowledge of the residuasl or drift currents in
the area, but it is at ieast equally important to determine the large~period
fluctuations. These are not only semi-diurnal ard diurnal tides, and
inertial motions, but also other weteorologically induced motions with larger
time scales. Furthermore, this should be done on e seasonal basis, since
vinter and summer conditions are often very different.

The thickness of the more or less well-mixed surface layer and its
veriations over the year should be observed. Clearly this is a relevant
parameter which, together with information about the current, directly gives
a8 guideline us to the capacity of the region.

In stratified water
a.

preferably be such tha

8 tne vertical resolution of the observations shouid
multi-layered structure can be resolved. It is



- 194 -

difficult to investigate the relative roles of internal wave motion and of
turbulent motion. In an internal wave field the fluctuating kinetic
energy can be expected to be prorortional to the Brunt-VHisHl4 frequency
(54, T0). The fluctuating kinetic energy can be estimated by means of
long time-series of current measurements.

In connection with current measurements, the problem of the relation
between Eulerian and Lagrangian fields should be noted. Longuet-tiiggins
(35) showed ihat there is a difference between the mean (Fuleriau)
velocity at a point and the mean mass-transport past the point in a time-
derendent current field. This difference, which is due to the Ctokes
velocity, can be appreciable in areas where the residual velocity is low
and the currents mainly have a tidal or inertial character. It mar te
possible to resolve this by using observations from tri-partite current-
meter stetions.

The meteorological conditions in the area must also be observed,
primarily the wind spectrum. The wave corditions are also of preat
importance, but more difficult to observe on a long time basis.

It is usually possible to have recourse to some kind of tracer
experiments to obtain piece-wise information on the dispersion in an area.
Such experiments cannot, however, cover more than a few different
conditions, and in order to be of any general value they must be comtined
with simultaneous environmental observations. Otherwise the interyretation
is extremely difficult and can easily yield misleading conclusiors.
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Hiorizontal diffusivity Ky vs. length scale 1.
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Fig. 3a Vertical profiles of temperature (t) and dye concentrations (d)
ottained in calm conditions in the sognefjord, NVorway, about
25 m below the surface.

top : dashed line after 13.8 hours of tracing and
s0lid line after 11 hours of tracing.

bottor : solid line after 11.6 hours of tracing and

dashed line after 12.8 hours of tracing.

Tote : depth increases upwards, temperature decreases
towaris the left.
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Fig. 3b Vertical profiies of temperature (t) and dye concentrations (3)
obtained in calm conditiops in the Western Mediterranean about
28 m below the surface.
top : after 1.9 hours of tracing.
bottom : after 1.8 hours of tracing.

Note : depth increases upwards, temperature decreases
towards the left.
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Fig. 3¢ Vertical rofiles of temperature (t) and dye concentrations (d)
obtained in calm con”itions in central parts of Lake Ontario,
atout 30 m below the surface,

top : s0lid line, after L8.3 hours of tracing, and dashed
line after 52.9 hours of tracing.

centre : solid line after 17.3 hours of tracing, and dashed
line after 50.2 hours of tracing.

tottor. : dashed line after 48.1 hours of tracing and solid

lire after 52.5 hours of tracing.

lote : depth increases upwards, temperature decreases
tawards the left.
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1. Introduction

In alrost all areas of the world, pollution of the coastal waters is
a seriouz and rapidly increasing hazard to health of people who either
reside or are on holiday in coastel areas. It is a condition which has,
or vill have, a mejor impact on the sociml well-being of inhabitants of
the nations located in the Caribbean and adjacent regions. It is a
condition vhich, if allowed to go unabated, may have a serious economic
effect upon the econory of an area, particularly that part of the economy
that is either directly or indirectly related to tourism.

Pollution of coastal waters is of concern to public health for a
number of reagons. There is ample evidence that the consumption of shell-
fish and fin-fish from polluted coastal veters is a cause of death, disease
and/or disability. There is a risk of enteric infection from swimming in
vaters that receive untreated or inadequately treated sewage. Also, enteric
infections among non-svimmers is possible if the beach enviromment is fouled
vith faecal materiel in such a way that the infectious substance is exposed
to rodents and arthropnds that may be vectors of human disease.

Tne health of peudle may be affected adversely by pollution of coastal
waters in another manner. Asethetics and mental vell-being are related
closely to physical healtii. A fouled marine environment may be unaesthetic,
and as such may be & deterrent to a feeling of well-being among persons vwho
are in the vicinity, particularly those who are there on holiday.

2. Contgmination of Seafood

2.1 1Infections and intoxications from rolluscan shellfish

Rumerous outbreaks of voacterial and virel infections have been traced
to the consumption of raw or partially cooked molluscan shellfish, i.e.
~lame, oysters and mussels, which have been taken from polluted coastal
water's. Shellfish, being filter-feeders, have the ability to concentrate
vithin their systems the microbial life, certain toxic substances and various
radionuclides that may be in the water in which these shellfish grow. This
concentrating process facilitates the ingestion of a toxic substance or
infective organism.

Outbreaks of typhoid fever, paratyphoid fever and infectious hepatitis
are but a fTev of the diseases that have been caused by the consumption of raw
or partially cooked oysters, clams and mussels that have been harvested from
coastal waters into vhich rav or inadequately treated sewage has been
discharged.

One of the most widespread and famous epidemics of typhoid fever due
to the consmantion of rav oycters, ich vere harvested from sevage-pollutced
waters, occurred in the United States during the late fall and early winter
wonthe of 1924 and 1925 (Lumsden et al., 1925). This outbreak had a wide-
spread geographic distribution, with most cases occurring in New York City,
Chicago and Washington, D.C. It is impossible to state the exact number of
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cases involved in this epidemic, but it was conservatively estimated that
there were over 1,500 cases and more than 50 deaths.

The publicity following the recognition that these cases (and deaths)
of typhoid fever were caused by the consumption of raw oysters is reported
to have caused a marked reduction in the sales of oysters in the U.S., with
a concomitant financial loss of great megnitude to the oyster industry in
the USA.

Outbreaks of viral infectious hepatitis following the consumption of
clams and oysters taken from grossly polluted coastal waters have occurred
in several areas of Europe and parts of North America (Mason and McLean,
1962} . While it has not been conclusively proved that the consumption of
rav clams and oysters from sewage-contaminated waters was the r~ource of
these outbreaks, because the causative agent was not isolated in these out-
breaks, there is a strong epidemiological association between the consumption
of these molluscen shellfish from sewege-polluted waters and cases of viral
infectious hepatitis. To date, scientists have been unable to culture the
virus of hepatitis under laboratory conditions. If and when such laboratory
culture methods are developed, most cpidemiologists believe that a cause-and-
effect relationship between the consumption of raw clams and oysters from
sewvage-rolluted waters and viral infectious hepatitis will be demonstrated.

Paralytic shellfish poisoning following the consumption of raw clams
and mussels has been reported frequently in literature from North America,
Europe, Africa and Asia. These molluscs may become toxic to men as the
result of the accumulatior of toxin derived from several dinoflagellates, of
vhich Gymnodinium brevis, Gonyaulax catanella and Gonyaulax tamarensis seem
to be of major importance. The cause of the rapid growth of these dino-
flagellates in coastel waters is unknown, but many scientists believe that
the discharge of large volumes of wastes into coastal waters may create
favourable nutritional conditions for these plankton.

2.2 Fish-borne infections and intoxications

According to the findings of a recent WHO Expert Committee, in most
countries where statistical data are available bacterial infections
congtitute the largest proportion of fish- and shellfish-borne diseases
(WHO, 19Tk). These infections are due either to the direct contamination
of the edible portion of the fish or shellfish with pollutants from the
wvaters in which they are grown, or to secondary contamination during landing,
processing, storage, distribution or preparation for consumption. There is
very little evidence that conclusively links fish-borne infections to
pollution of coastal waters. Some of the micro-organisms capable of causing
human disease following the consumption of raw fish are normal inhabitants of
the marine environment; for example, Vibrio parshaemolyticus, the causative
agent of over 50% of all food-borne diseases in Japan, is found in marine
wvaters and bottom sediments in unpolluted waters as well as polluted waters.

The syndrome of methyl-mercury poisoning, sometimes called "Minamata
disease"., caused by the consumption of contaminated fish and ghellfigh, ig an
example of serious health hazard stemming from pollution of coastal waters.



The clinical picture of this disease was first observed in 1953 (Nelson,
1971). However, two outbreaks in Japan in 1970, one in Minamata where
there vere 121 cases and 46 deaths, and one in the riverside villages of
the Agano river in Niigata, where there were 47 cases and 6 deaths, caused
this health problem to be recognized internationally as a major consequence
of pollution of coastal waters.

Methyl-mercury poisoning in man is an end-product of a complex inter-
play of biological, chemical and biochemical processes resulting from the
discharge into water of metallic mercury, inorganic mercury salts or organo-
mercury compounds. The methylation of mercury occurs in the sediments of
the bodies of water into which the mercury-containing pollutants are
discharged. Once trapsformed into methyl-mercury, this compound is
reedily assimilated and concentrated i1n the flesh of fish inhabiting the
polluted waters. When these contaminited fish are ingesied by man in large
quantities, methyl-mercury poisoning miy result. The slov rate of
elimination of methyl-mercury in both fish and man potentiates the
accumulation of the chemical to toxic levels.

Almost all fish contain some mercury, and therefore pollution of
coastal waters can not be blamed for the pregsence of this element in all
fish. However, the discharge of pellutants containing high concentrations
of elemental mercury and/or mercury compounds is the primary cause of levels
of mercury in fish thet are considerably in excess of recommended allowable
concentrations.

Mercury is not the only metal vhich, when discharged into coastal
vaters, may cause human health problems following the concentration of the
metal in some form im fish and the subsequent ingestion of the fish by
humans. A list of chemicals that may be hazardous to humen health because
of the possible concentrating processes by edible marine life includes, but
is not limited to, the rfolloving: antimony, arsenic, barium, beryllium,
cadmium, lead, selenium, zinc.

Another group of chemicals which may be pollutants in coastal waters
and vhich are potentially hazardous to human he2alth if concentrated in
edible marine life are the toxic organic chemicals. Almost all of these
compounds are synthetic and may be found in sewege, industrisal wastes and
in run-off from inhabited or agricultural lands. This group of chemicals,
often called persistent substances because they degrade slowly, includes
many classes of substances, such as the following:

i) pesticides

a) fungicidee

b) herbdbicices

¢) insecticides
ii) industrial chemicals

a) chlorinated hydrocarbons
b) other halogenated hydrocarbons



Of considerable importance to human health is the fact that some
of these compounds are capable of being concentrated in edible marine
organisms without apparently causing them adverse effects, and that
continued consumption of the contaminated marine organisms by humans mey
give rise to chronic or long-term toxicity. To date, only limited
knowledge exists concerning the long-term effect of most of these compounds
upon human health.

One of the toxic organic chemicals that has been found as a wide-
spread contaminant in marine ecosystems is polychlorinated biphenyl (PCB).
This compound has been found in edible marine organisms at relatively high
concentrations; it has carcinogenic properties which make it particularly
hazardous to human health.

2.3 Other contaminants of seafood

0il is a coastal water pollutant which is tending to become more
common and more serious in virtuslly every nation of the world. While its
presence in fish and shellfish does not give rise to human intoxication,
concentrations which are sub-lethal to edible marine organisms can so taint
seafood that it becomes useless as a source of food. This result may deny
many economically deprived persons of a needed source of nutrition. It
has been demonstrated that oil in the tissues of shellfish may persist for
several months after an oil spill.

3. Infections from Bathing in Polluted Coastal Water

3.1 General

The discharge of untreated or inadequately treated waste water into
the marine environment has several potentially adverse consequences, one of
vhich is the causation of human infections. The increasing number and
volume of sewage discharges in many of the areas of the vworld heve resulted
in intensifying the occurrence of pathogens and increasing their persistence
in the coastal waters in the vicinity of sewage discharges. For example,
Salmonella have been and are being isolated with persistent regularity from
samples of water collected from several bathing beaches in the New York City
area (Brezenski, 19T1; Cebelli et al., 1974). This group of organisms has been
isolated with ease from roastal and estuarine waters of many other areas of
the world (Geldreich, 1973). Other pathogenic bacteria have been isolated
from tidal waters which receive sewage, e.g. the recovery of cholera vibrio
in the harbour waters of Keelung Port, Formosa (Kiribayashi et al., 1934).

3.2 Epidemiological studies

For many years, health officials have been concerned about the
potential for the transmission of disease agents when persons swim in coastal
waters into which rav or inadequately ireated sewage has been discharged.
However, published data concerning the spread of communicable disease agents
to humans while swimming do not provide a clear understanding of the relation-
ship of infections to the quality of bathing waters. There is some
epidemiological evidence to suggest that there may be a positive correlation;
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j.e., the greater the degree of pollution of the bathing water the greater
the hazard to the health of the bathers. Hovever, these data are difficult
to interpret accurately es there are many variables in each of these studies
vhich vere not measured or monitored and which may have had a degree of
influence on the results.

One of the important findings of some of the epidemiological studies,
the results of which have been published, is the identification of specific
disease hazards from direct contact with intact faecal material, as may
occur when bathingz and sv1mm1ng in the vicinity of raw sewage discharges.
Among health officials, it is a generally accepted fact that bathing and
svimming near the discharge points of raw or inadequately treated sewage is
hazardous, and that the risk of infection is great.

Several early epidemiological studies of typhoid fever linked this
disease with suimming in sewage-polluted water (Moore, 195L). Among the
studies described in the scientific literature are those occurring in the
post-World War I era involving bathing in the New York City and the New Haven
harbhours. More recent studies have linked typhoid fever with swimming in
the coastal waters of Australia and Israel.

Since World War II, two major epidemiological studies have been
conducted in efforts to gain a more accurate understanding of the relation-
ship of bathing and swimming in water of various degrees of microblological
quality. One of these studies vas conducted in the USA and the other in the
United Kingdom.

During the years 1948 and 1950, the United States Public Health Service
undertook an ambitious series of prospective surveys aimed at assessing the
risk of health of swimmers who swam in polluted waters. The findinge of
this series of studies were summnrized and discussed by Stevenson (1953).
Three field studies were organized, one during the summer of 1948 which
utilized the bathing beaches on Lake Michigan in the vieinity of Chicago;
another during the summer of 1949 which involved the bathing areas on the Ohio
river at Dayton, Kentucky; and the third study during the summer of 1950
vhich involved the coastal bsthing areas at New Rochelle and Mamaroneck, New
York. 1In all three of these studies the degree of contamination at the more
polluted beaches was uot excessive.

The principal finding of the three-year study was that there was an
nppreciably higher overall incidence of illness among swimmers than among non-
swvimmers. Upon analysis, this finding should not have been unexpected, since
wvater is an abnormal environment for man regerdless of its microbial quality.
Infections of the eye, ear, nose and throat accounted for more than one-half
of the illnesses reported, and gastrointestinal disturbances for about one-

fifth.

Between the years 1953 and 1959, the British Public Health Laboratory
Service carried out an extensive and intensive bacteriologicel end
epidemiological study of bathing in sewage-contaminated coastal waters
(Committee on Bathing Beach Contamination, of the Public Hemlth Laboratory
Service, 1959). Only four cases of paratyphoid fever out of a total of over
three thousand cases of this disease reported during the years in question
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could be related to swimming in polluted water. These four cases were
among children who bathed at two grossly polluted beaches.

The results of the analyses of these data caused the committee to
conclude that "bathing in sewage-polluted sea water carried only a
negligible risk to health, even on beaches that are aesthetically
unsatisfactory” and thet this risk was probably associated with chance
contact vith intact aggregates of faecal material that happened to have
come from infected persons.

The lack of conclusive evidence concerning the relationship between
water quality and the health of bathers does not merit, at this time, a
specific conclusion concerning the effect of coastal water pollution on the
health of bathers. However, available eipdemiological data suggests that
a relationship does exist and that the greater the concentration of raw or
inadequately treated sewage in the water, the greater the hazard to the
health of the bathers.

h, The Beach Environment

By analysis of epidemiological data and by deductive reasoning, it
may be demonstrated that a health hezard exists if beaches become fouled
with certain pollutants, especially intact faecal material. Intact
faecal material on beaches can spread pathogenic micro-organisms to humans
by contact or through the media of arthropods and rodents which may feed on
this material. Several studies have traced human disease to contact with
faccal material im the beach enviromment. As will be discussed subsequently,
coastal water pollution that is of such scope and magnitude as to cause the
beaches to become fouled is very undesirable for aesthetic purposes also.

5. Aesthetics of Water Pollution

Aesthetically pleasing scenes of water and the immediate adjacent areas
add to the quality of human experience. The beauty of neture is often best
revealed through a visual setting which includes aesthetically pleasing waters
and coastal areas. Pollution, if visibdle in any form, reduces the aesthetic
value.

Aesthetically pleasing scenes seem to contribute to good mental health
and a feeling of well-being. On the other hand, pollution, if visible, is
often depressing and tends to be a deterrent to good mental health and a
feeling of well-being. Unfortunately, to date, there is no way to quantify
or to assess objectively the actual value of aegthetically pleasing
experiences. Therefore, no-one can assess the actual value of a visual
scene of clean, clear coastal waters that is interpreted by the viewer as
aesthetically pleasing.

Recognition, identification and protection of the aesthetic values and
qualities of unpolluted coastal waters should be an objective of all coastal
wvoeter management programmes. — When people comeé 1O the seaside and the. beaches



to relax and enjoy themselves, they need the exhilaration and yet the
tranquility of a visual experience which is aesthetically pleasing and
vhich contributes to the promotion of their good mental health and well-
being.

6. Temperature as a Water Pollutant

In some piaces, coastal water is used as a coolant in industrial
processes and in the generetion of electrical energy. Such practices
often result in "hot spots" or spot heating of limited areas of the coastal
vater in the immediate vicinity of the discherge of the heeted water.

There is a health hazard associated with this thermal pollution, if the
temperature of the water is significantly in excess of 37°C and if a person
swvims or accidentally becomes immersed in this heated water for a prolonged
period.

T. Health Criteria for Coastal Waters

Health criteria for coustal waters are needed in the analysis of
coastal water pollution problems and in the development and maintenance of
coastal water management programmes. A few basic criteria follow:

i) All coastal waters and the adjoining beaches should be aesthetically
pleasing to the eye. The water should be of such quality that it
is capable of supporting aquatic life-forms that have aesthetic
value.

ii) All coastal waters should be virtually free from:

a) materials that may settle to form objectionable or
undesirable deposits;

b) floating debris, oil scum, and other similar materials;

c) substances that may produce objectionable or undesirable
colour, taste, and/or turbidity.

iii) Nothing that may produce, support or attract undesirable aquatic
or terrestrial life should be discharged into coastal waters.

iv) All coastal waters, particularly those used for recreational
activities, should be sufficiently free of pathogenic micro-organisms
and toxic subs’ nces, so that there is a negligible risk of
infection, toxicity or irritation to those who bathe or swim in this
body of water.

v) All coastal waters from which fin-fish and/or shellfish may be
harvested for human consuinption should be sufficiently free of
pathogenic micro-organisms and LoxXic substances, so that edible
marine life may be consumed with negligible risk of infection, short-
term toxicity and/or long~term toxicity.



vi)

No heated water should be discharged into coastal waters so
that the temperature of the resulting mixture of water would
cause adverse effects to any person who might swim or bathe
or accidently might become immersed in the water.



- D1€ -
References

Brezenski, F.T., 1971. Estuary wvater quality and Salmonella. Proceedings
of the National Speciality Conference on Disinfection. Americar
8ociety of Civil Ergineers, Nav York.

Cabelli, V.J., M.A. Levin, A.P. Dufour and L.J. McCabe, 19T4. The
development ol criteria for recreational waters. Paper presented at
International Symposium on Discharge of Sewage from Sea Outfalls,
London, 28 August 19Th.

Committee on Bathing Beach Contaminetion, of the Public Health Laboratory
Service, 1959. Sewage contamination of coastal bathing waters in
England and Wales: a bacteriological and epidemiological study.
The Journal of Hygiene (Cambridge), 57: U35-472.

Geldreich, E.E., 1973. Principles for developing criteria for coastal bathing
vaters. Paper presented at the fourth session of the IMCO/FAO/UNESCO/
WMO/WHO/IAEA/UN Group of Experts on the Scientific Aspects of Marine
Pollution, Vienna, 18-23 June 1973.

Kiribayashi, S. and T. Aida, 1934. A study of the fate of cnolera vibrio im
the gsea water of Keelung port, Formosa. Cited in: Public Health
Engineering Abstracts, 1lb: 61.

Lumsden, L.L., H.E. Hasseltine, J.B. Leake and M.V. Veldee, 1925. A typhoid
fever epidemic caused by oyster borne infection (1924-1925). Public
Health Reports, Supplement No.50. 12 March, 1925.

Mason, J.0. and W.R. McLean, 1962. Infectious hepatitis traced to the
consumption of raw oysters. American Journal of Hygiene, T5: 90.

Moore, B., 195h. Sewvage contamination of coastal bathing waters. Bulletin
of Hygiene, London, 29 (7), 689-T04.

Nelson, N., 1971. Introduction and summary of conclusions in "Hazards of
mercury”, Special Report to the Secretary's Pesticide Advisory Committee,
U.S. Department of Health, Education and Welfare, November 1970.
Environmental Research, U: U4-9.

Stevenson, A.H., 1953. Studies of bathing water quality and health.
American Journal of Public Health, 43: 529-538.

World Health Organization, 1974. Fish and Shellfish Hygiene, WHO Technical
Report Series 550, Geneva, Switzerland.



- o7 o-

POLITICAL ASPECTS OF MARINE POLLUTION
AND DEVELOPMENT OF POLITICAL AWARENESS
OF MARINE POLLUTION PROBLEMS

by L. Ballsh®

Head, Political & Economic Division, Ministry of External Affairs,
Trinidad and Tobago. The views expressed in this paper are solely
those of the speaker and do not necessarily reflect the views and
positions of the Government of Trinidad and Tobago.



CONTENTS

Introduction
Political Aspects

2.1 Decision-making inputs
2.2 Pollution and economic development
2.3 Pollution and innocent passage

2.l Pollution jurisdiction in the Exclusive
Economic Zone (EEZ)

2.5 Flag-—-state jurisdiction

2.6 Freedom to pollute and international
Jurisdiction

2.7 Liability and responsibility

Developing Political Awvareness of Marine Pollution
Problems

Summary and Conclusions

230

i)
w
~)

>
w
93]



1. Introduction

Current international negotiations at the Third United Nations
Conference on the Law of the Sea 1/ (UNCLOS) have thrown into sharp focus
the political aspects of marine pollution and underlined the clear need
for the development of political awareness in respect of these problems.
Problems of pollution do in general require policy decisions at both the
national and international levels. Policy decisions are taken by
politicians and other decision-makers. Such decisions, if they are to be
meaningful and effective, must indeed reflect the scientific and techno-
logical realities of marine pollutiuvn. The need would therefore arise for
decison-makers to be well-informed about the basic facts of pollution.
Knowledge of these facts is fundamental to the understanding of the
environment and the deleterious effects and consequerces that pollution has
in the human environment and on the very survival of mankind.

The pollution problem cannot and should not be seen by decision—
makers or dealt with by them in vacuo; it is an extremely difficult and
ceuiplex problem. The land, sea and air form purt of a single ecosystem,

The seas and oceans, which cover roughly T1% of the earth's surface,
constitute an essential part of the biosthere 2/. In view of this elemental
fact, decision-makers must take an integrated global approach to the
pollution problem. The approach cannot be piecemeal. A piecemeal rather
than organic approach will produce temporary solutions and lead to conflict
and chaos and eventually to environmental disaster.

An integrated approach to the pollution problem must be predicated on
the recognition and awareness that pollution prevention and control are
matters of urgent priority that cannot await the slowv processes and bureau-
cratic inertia of national and international decision-making.

In recognizing poiiution prevertion and conirol us a probiem of
increasing urgency, decision-makers need constantly to be aware of the fact
that pollution chokes growth and smffs out in time the very esvence of life
itgelf. VWhat is at stake is the destruction of the life-sustaining
environment and mankind's survival therewith. This fact csnnot be over-
dramatized in order to bring the point home. From earliest times, the
primary concern has been with protecting man from his environment; today,
however, that concern must necessarily shift to protecting the environment
from man himself.

1/ The Conference, convoked by the UN Genersl Assembly, has already held
five sessions; the first procedural i New York in November 1973 and
four substantive sessions held in Caracas (197hk), Geneva and New York
(1975) and New York (1976). Next Session scheduled for New York (May
1977). Negotiations at the Conference take place in closed informal
sessions without records. Reference therefore to positions taken by
states will be made in general terms without pointing specitically to
sources.

2/ "Protection of the Msrine Environment” from study of National
Fetroleum Council of USA entitled Ocean Petroleum Resources, March

1975, p.55. '



This lecture deals with the political aspects of marine pollution
and the development of political awareness of marine pollution problems.
In short, it is concerned with the politics of pollution. It can be
divided into two main parts:

i) politicul aspects of pollution, and
ii) development of political awareness o" marine pollution problems.

Pollution politics raise many complex and sensitive issues. I
cannot deal with them all in the course of a short lecture, vhich is
intended merely to agitate some of the issues and to provoke discussion
thereon. I have chosen the current UN Law of the Sea Conference as the
most convenient forum for seeing the politics of pollution at work.

As stated earlier, the decision-maker must have at his disposal the
basic facts on pollution which are fundamental to the process of decision-
taking. It is the duty of the political scientist to translate the
technological and scientific data on pollution into language clear enough
for the decision-maker to understand and appreciate its purport and
significance. These data and information form necessary inputs into the
decision-making process.

2. Political Aspects

2.1 Decision-making inputs

Knowledge and information about marine pollution based on continuing
marine scientific research and envirommental monitoring must be fed into
the decision-making process so as to enable policy makers to get a clear
perception of the facts, to take stock of, and evaluate, their options in
the light of their national interest, with a view to taking effective
decisions for tle preservation of the marine onvironment. Marine scientific
research programmes are vital for obtaining the necersary information and
knowledge. The public must be made aware of this so that they can demand
the establishment of mational scientific research organizations and ersure
national support for international bodies like IMCO, I0C, FAO, WMO and WHO,
which are engaged in the task of combatting pollution.

The debates and discussions on the marine pollution question at the
marathon Law of the Sea Couference have revealed the availability to the
participants of much basic data on the problem. It is clear to all that
men is the polluter. He is the aggressor as far as pollution is concerned.
The enviromment is his victim. The environment does not pollute itself;
although natural oil seepages from the seabed have often been made the
scapegoat for oil pollution of the sea. It does appear from emerging trends
at the Conference that a definition of pollution has been agreed to
informally. This definition, which indicts man, reads as follows:

"Pollution of .he marine environment means: the introduction by
man, directly or indirectly, of substances or energy into the



marine environment (including estueries) which results or is
likely to result in such deleterious effects as harm to living
resources, hazards to human health, hindrance to marine
activities, including fishing and other legitimate uses of the
sea, impairment of the quality for use of ses water and
reduction of amenities.” 3/

This definition, which was originally proposed Ly the Inter-
govermmental Working Group on Pollution (IWGP) in Nevesber 1971, was
endorsed by the United Nations Conference on the Human Environsent, in
Stockholm, Sweden, in 1972. L/

Marine pollution cannot be contained in water-tight national
compartments and boundaries, regardless of whether or not the polluter
desires so to contain it. It does not respect any fine politicel or legal
distinctions between national sovereignties and jurisdictions. The
realization of this fundamental fact points to the need for international
solutions.

It is to be noted that all pollutants end up in the seas and oceans
around us. These pollutants come from, or through, the atmosphere and
from land-based sources. They consist of toxic waster, garbage and
sevage, industrial wastes and effluents, and inramerablie substances like
non-rurt aluninium parts, inorganic plastics, oil and oily wastes, nuclear
fall-out and radioactive wastes.

Marine pollution comes from many sources, including land-based
activities, vessels and underwater vehicles of all types and sizes, off-
shore terminal activities and related storage and transportation facilities,
exploration and exploitation of the resources of the seabed, and marine
scientific rcesesrch of the seabed.

Man has used the seas and oceans as his "dust bin" or "garbage can".
He has dumped his wastes there, some of which are toxic and go destructive
of marine organisms. Dumping, which is defined by the 1973 IMCO London
Ccavention on the Dumping of Wastes at Sea as an intermittent injection of
waste materials into the sea, must be rigidly controlled. Since man
depends to a large extent on marine life for his food, irrational dumping
can result only in the poisoning and decimation of marine living resources
and consequently in serious huazards to human health.

Although the seas and oceans have vast means of self-purification,
these powers are by no means infinite., It is true that the natural
ecological systemc can absorb many of the effluents of human activity and
reprocess them into substances that can be used by, or rendered harmless to,
other forms of life; but where industrial and other effluents are released

3/ Art.l, Ch.l - "Protection and Preservation of the Marine Environment,
Revised Single Negotiating Text (RSNT)) Third UNCLOS, UN Doc. A/Conf.
62/WP.8/Rev.1/Part III, 6 May 1976.

b/ See UN Doc. A/CORF 48/14, Annex III.



or dumped into our waterwvays and oceans on a sufficiently large scale,
their natural absorptive mechanisms become saturated. 5/ These wastes
can build up and have harmful and hazerdous effects on the health of the
environment and its aesthetic value.

Pollution grows slowly but it explodes overnight. Hypothetically,
it may take five years to reach a level that may not be considered unsafe,
but two days later it may reach a dangerously explosive level with tragic
irreversible consequences. Pollution is therefore an "exponentially" 6/
increasing quantity in the world's ecological system. It has been
concluded that, if pollution continues to grow at its present rate without
any serious and concerted global effort to reverse that trend, the length
of life of the biosphere as an inhabitable region is to be measured in
decades rather than in hundreds of millions of years. 7/ Increasing and
reasonably objective evidence has shown that this point needs no
dramatization.

2.2 Pollution and economic development

One of the basic political dilemmas facing the current Law of the
Sea negotiations is the question of balancing the need to industrialize in
the process of economic development with the obligation to protect and
preserve the marine environment. The running debate on this question has
revealed sharp conflicts of interests between the newly environmentally-
oriented developed countries and other countries, particularly a majority
of developing countries which realize that pollution is a necessary by-
product of the industrialization process, so essential to their economic
development.

Participants in the Conference negotiations have at their disposal
certein besic deta on the pollution problems on which they can take
decisions and make choices in the light of their national interest. They
all see pollution as a result of man's increasing utilization of energy.
Evidence is incontrovertible that the process of economic development is in
fact the process of utilizing more energy to increase the productivity and
efficiency of human labour. A direct correlation exists between the wealth
of a human population and the amount of energy it consumes. A natural
corollary flowing from this correlation is that the greater the wealth of a
state, the greater its pollution. It is therefore not coincidental that
the fifteen most under-developed states in the world (the majority with an
annual income per capita of less than US$100 in Africa, Latin America and
the Caribbean) utilize the least energy and are probably among the least
polluted areas of the globe.

5/ For a discussion of this point, see "The Limits to Growth'", A Report
for the Club of Rome's Project on the Predicament of Mankind,
pp.68-69 (Earth Island Ltd., London, March 1972)

6/ See Ch.l, "Nature of Expomential Growth" id., pp.25-hk for
- definition of the term "exponentiel”,
1/ See CT. Evelyn Hutchinson's article "The Biosphere” in Scientific

American, Sept. 1970, p.215.



On the basis of this evidence, developing countries are arguing
persuasively that their "obligation to protect and preserve the marine
environment" 8/ must be conditioned on the level of their economic
development and their capabilities. What tney have said is that
developed countries have in their industrialization processes polluted the
environment, in some cases beyond repair; it is now the turn of developing
countries to pollute in their development process. To deny them the right
to pollute at this stage of their development process is to condemn them to
eternal under-development. They see themselves as having no means of
choice, no choice of means. They have been told that technology which has
created pollution has the capacity to solve it. In response, they have
drawn attention to the high costs of technology which they cannot afford,
and in any case to afford it would be to reduce any corresponding benefits
from the industrislization process, leaving them in the same mired state of
under-development. They insist that developed countries, which are mainly
responsible for the pollution of the marine environment, should bear the
costs of eliminating it and provide the technical assistance required for
the use of anti-pollution devices and installations in their industrialization
process which is a sine qua non for their economic development. It is kiown
that a certain developing country in Latin America has permitted the
establishment in its territory of an industry from a developed country in
vhich that industry was prohibited because of the latter’s concern with
environmental pollution. That developing Latin American state, having
costed its options, responded to the dictetes of its national interest and
saw its economic development as an urgent priority in reducing its
chronically high unemployment levels and raising the low standard of living of
its peoples. That argument is on its face faultless. It can, howvever, be
carried too far and may lead to absurd conclusions; needless to say, in the
case of pollution, to tragic resulis.

A good example of this can be seen in the debates, informal discussions
and consultations of the current Law of the Sea negotiations on standards for
land-based industries compared to those for offshore activities, such as the
exploration and exploitation of the seabed and ocean floor for oil and the
dumping of oil and wastes from every source. Developing countries have
argued that standards for land-based industries should be lower than those
for offshore activities. They agree to the highest possible standards for
offshore activities because most of those activities are at present under-
taken by the developed, industrialized countries or their entities, which can
afford the high technology costs of anti~pollution devices and equipment.
While one may agree that lower standards can be set for some land-based
indi stries which do not produce highly toxic wastes, so as to assist the
industrialization process of developing countries, it would be quite absurd,
possibly suicidal, to permit lover stsndards for all land-based industries,
sore of which produce highly toxic wastes. The internationel community must
not sympathize with this developing country position. It must demand the

—

8/ See Arts 2, 3 and b, RSNT, UN CONF.62/WP.8/Rev.l Part III
op. cit. supra.
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highest standards for land-based industries which have highly toxic
products and wastes (come chemical industries) and for nucizar and nuclear-
powered industries with their ever-increasing possibility of 'nuclear"
accidents and the production of radiocactive wastes, both detrimental to
life itself.

Although most developing countries are not in the happy economic
position of Canade and cannot therefore speek in the same strong anti-
pollution strain as Prime Minister Trudeau, his words to the Canadian House
of Commons, when he spoke on the Arctic Pollution Prevention Act of Canada
on 2h October, 1969, can bear repetition here:

"... Canada will not allow what hag been described as the expansion
of prosperity at the expense of posterity ... the Canadian
government will not sgacrifice, in the name of progress, a clear

and healthy environment to industrial and commarcial development ...
It will not permit this to happen either in the name of freedom of
the seas or in the interests of economic development ..." 9/

No developing, undeveloped or hard-core underdeveloped country can
permit "at the expense of posterity” low standards for the establishment of
land-based industries which are highly toxic. No country can permit this
in reckless disregard for the continuing existence of life itself. The
political dilemma continues and must be sensibly resolved if effective
internationsl decisions are to be taken in respect of pollution of the marine
environment.

2.3 Pollution and innccent passage

In addition to the call by some developing states for lower inter-
national stenderds for land~based industries, a few developing states, with
groving merchant navies, have also been insisting on the requirement that
developing countries should not have to meet the high international
standards laid down for the design, construction and equipment of ships.
Some states have threatened not to permit the passage in their territorial
waters of ships that do not meet international standards, fearing that such
ghips will be high-pollution risks. This threat has raised the question of
the right of innocent passage for foreign vessels in the territorial waters
of a state and the refusal of that right Ly a state on the grounds that an
act of pollution, or the high risk of pollution, breaches the innocence of

passage.

The right of innocent passage of fereign vessels in the territorial
sea of another state is a well-settled norm of customary international law,
vhich has been codified in Arts. 14 and 17 of the 1958 Geneva Convention on

9/ See Donat Pharand "0il Pellution Control in the Canadian Arctic"
(Texas Int'l Law Journal, Vol. 7 No.l, Summer 1971, p.61). Also
L. LeGault, Canadian Arctic Waters Pollution Prevention Legislation,
(Proceedings of 5th Annual Conference of L.0.S. Inst., Rhode Island

1970, p.296).



the Territorial Sea and Contiguous Zone. The passage is innocent as long
as it is not "prejudicial to the peace, good order or security of the
coastal state'. An act of pollution, accidental or wilful, has not been
held to prejudice the good order or security of a state; much more so
threats of pollution to the territory of the state. Some states, among
them Caneda, have, however, held that a grave danger or threat to the
environment of a stete constitutes a threat to its good order and security,
and indeed perhaps to its continued existence. They have therefore
asserted their sovereign right to tuke steps, including legislation, to
ensure adequate protection of that environment from pollution or artificial
deterioration.

Objective criticism of the right of innocent passage has in fact
centred on the absence of a clear definition of "innocent”. States have
differing perceptions of the concept of innocence. It has been argued
that since a state is empovered to make and enforce its "senitary"
regulations in its territorial sea and in a zone contiguous to it, it can
make and enforce pollution prevention and control laws under these
regulations. The term "sanitary" is considered broad enough for this
purpose. There is some consensus at the current Lav of the Sea negotiations
that pollution prevention and control is one of coastal states' interests
vhich must be observed by vessels in the course of their imnocent passage
through territorial waters. Failure of a vessel to abide by regulations
proclaimed by the coastal state in this regard can be viewed as prejudicing
the peace, good order and security of the state. It is & considered view
that a ship which does not comply with anti-pollution regulations of the
coastal state can be denied access to its coastal waters.

What hes been geid sbove is an interpretetion of existing provisions
in the 1958 Geneva Convention on the Territorial Sea. No explicit
provision exists to deny the right of innocent passage to a foreign ship on
the grounds of an act of accidental or wilful pollution or a grave potential
threat thereof. Delegations at the Law of the Sea Conference are, however,
seeking to close that loophole, if indeed any such loophole existed. They
have proposed for a new law of the sea convention an articlle 10/ which
seeks to define twelve activities engaged in by a vessel which will make its
passage non-innocent. One of those activities listed is "any act of wilful
pollution". 11/ The inclusion of "wilful" before "pollution" represents a
compromige in the informal consultetions in view of the strong criticism of
the original proposal by shipping interests, some major maritime povers and
some flag-states of convenience. What msy appear ironic is that it was
some major oil-producing developing countries (growing oil-tanker powers
themselves since the 0il crisis) that led the battle in defence of the marine
environment and in the designetion of an act of pollution as a breach of the
right of innocent passage. In the course of informal discussions on the
question, some states have suggested that the passage of vessels such as

10/  See Art. 16(2) (a) to (1) RSNT, A/COWF.62/WP.8/Rev.l, Part II,
6 May 19T76. '

11/ See Art.16 (2) (h} id.



super-tankers and liquified natural gas carriers (LNG vessels) is a

potential pollution "threat” to the marine environment, and, &s such, those
vessels require the prior consent of the coastal state before they can enter
its territorial waters. It is the fear of such an arbitrary, subjective
interpretation of "innocent" in the concept of innocent passage that has

caused a fairly large number of states, both developing and developed, to
oppose the inclusion of pollution as one of the activities that would render

a ship's passage not innocent. These states, whether oii producers or oil
refiners, have a vital interest in the movement of tankers. Fnvironmentealists
appear to be quite unhappy at the inclusion of "wilful" before pollution
inasmuch as its application to activities narrows the present regime;, that is,
if it is agreed that under the existing regime a coastal state has broad
jurisdiction over pollution offences or even over the risk of such offences. 12/

Another point of controversy is a provision that precludes the coastal
state from regulating the design, construction, manning or equipment of
foreign ships. The provision reads as follows:

"Such laws and regulations (laws made by the coastal state in its
territorial sea) shall not apply to or affect the design,
construction, marning or equipment of foreign ships or matters
regulated by generally accepted international rules unless specially
authorized by such rules" 13/

Some states consider that in the absence of so-called "generally
agreed international” rules, coastal states should be permitted to make rules
regarding the design, construction or equipment (if not manning) of foreign
ships that enter their territorial sea. They say they cannot afford the
potentiul pollution risk of sub-standard ships registered in flags-of-
convenience states, some of which are "straw-states" from which compensation
for damages may never be recovered. Serious questions have been raised

about the term "generally agreed international rules' in view of the fact that
these rules, fragmentary as they are, tend to be set by IMCO Conferences

dominated by major maritime states, and particularly when such rules are
embodied in conventions ratified by few states. A compromise solution which
has been suggested in informal consultations reads as follows:

"Coastal states, in establishing such laws and regulations, shall
not require foreign ships to conform to rules dand standards which
are higher than those generally accepted internationslly in respect
of their design, construction and equipment; and to the maximum
extent possible shall seek to promote and adopt, as far as
practicable, uniformity of such rules and standards."

12/ See Patricia Birnie's monograph on "Vessel Source Pollution: Is there
a single negotiable golution" A working paper produced for the fourth
session of the Third UNCLOS, March, 1976, p.5 (Sierra Club, N.Y.).

13/ See Art. 20 (2), RSNT, Part II, op.cit. supra.



This compromise still leaves unanswered the question as to the means
to reach agreement on ''generally accepted international rules and
standards'". Conference politics do indicate that IMCO is hardly the
acceptable forum, unless IMCO itself goes on & membership drive to bring
intc its fold the other 67 or more states of the international community
and ensure their participation at IMCO Conferences, perhaps by paying
passages for a certain number of delegates as is done for the regular
sessions of the United Nations General Assembly.

2.4 Pollution jurisdiction in the Exclusive Economic Zone (EEZ)

Unlike the territorial sea, which is recognized in customary inter-
national law and, with the exception of the right of innocent passage, is
considered as part of the territory of the state, the Exclusive Economic
Zone (EEZ) is a bold and novel concept. The concept of an EEZ is being
proposed for adoption at the Third UN Conference of the Law of the Sea as
vart of a compromise package of a 12-mile territorial sea and a 200-mile EEZ
(measured from the baselines from which the territorial ses is measured).
The EEZ will then in effect be 188 miles across. Its mein proponents
consider it primarily as a zone of economic resource jurisdiction, but also
with jurisdiction to protect the coastal state's sovereignty over its
resources, living cs well as non~living, in the zone. They have considered
poliution as a force striking at the very root of their economic resource
jurisdiction in that resources, particularly living marine resources, are
vulnerable to pollution. Hence to protect their resources, they posit the
need to assume pollution jurisdiction in the zone. The article proposed
vill give the coastal state in its exclusive economic zome "jurisdiction
with regard to the preservation of the marine enviromment, including
pollution control and abatement". 14/ The main gupporters of the concept
of the EEZ, comprising a broad cross-section of the Conference participants,
would prefer the inclusion of the word "exclusive" before "jurisdiction" so
as to ensure at least a priority of jurisdiction for the coastal state.

As is to be expected, the major maritime states with large shipping
interests, oppose the pollution jurisdiction of coastal states in the EEZ,
quite apart from fearing what thay describe as "creeping jurisdiction".

They look on the EEZ as high seas where all states enjoy the freedom of
navigation and flag states have jurisdiction and control over vessels flying
their flag for all civil and criminal matters including pollution. Ship and
cargo-owning states have in practice not assumed effective jurisdiction over
their vessels in cases of pollution of a zone like the EEZ which is not part
of the territorial sea. Existing marine rules are very lax in this regard.
They tend to be much more oriented towards shipping and cargo interests
rather than towards the preservation of the marine environment.

The article as worded at present leaves the question of jurisdiction
unresolved. It does allow for concurrent jurisdiction with all the attendant
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b/ See Art. b4 (1) (d) RSNT, Part II, op. cit. supra.



confusion that creates. To protect the environment, a proper balance will
have to be struck between coastal-state jurisdiction and flag-state
jurisdiction on the basis of a set of agreed rules. Strong coastal-state
Jurlsdlctlon over pollutlon in the EEZ may, however, be the way to preserve
the marine environment in view of the genuine link between the coastal
state's resource jurisdiction in the zone and its interesi in protecting
its resources from the ravages of marine pollution.

2.5 Flag-state jurisdiction

One of the main conflicts to be resolved in respect of pollutlon by
vessels is the question of the Jurlsdlctlon of the coastal state vis-a-vis
the flag state. As indicated earlier in the discussion of the FEZ, flag
states guard jealously their jurisdictions over their vessels. The
traditional rule of freedom of the seas has been the dominant concept invoked
in relation to jurisdiction over vessels and matters related thereto. A
recognition of this freedom does imply minimum national control by states
over the seas and oceans, beyond a narrow belt of territorial sea. Following
on this concept, flag states have over the years assumed exclusive control
over their vessels and have brooked no interference with this control from
other states. The interests of the flag state are best served by the free
and expeditious movement of its ships. The flag state cannot afford its
ships to be ti2d up in foreign ports by reason of a port state's exercise of
jurisdiction over them.

Be that as it may, the question to be answered is whether a flag state
has in existing law a universally recognized obligation and duty to prevent
pollution from its vessels. Given some IMCO Conventions (ratified by a few
states) and the 1972 Stockholm Declaration on the Human Environment
(subscribed to by a large number of states, but not binding on any), it does
appear that the question can be answered in the affirmative. Many coastal
states are of the view that flag-states (and particularly those of
convenience) have taken their duty and obligetion lightly in respect of
pollution prevention from their vessels. Coastal states feel that they
have a direct interest in protecting the marine areas under their jurisdiction
from pollution by vessels. Needless to say, the corporate international
community has also a vested interest in the global protection of the marine
environment.

The articles on the question of flag-state jurisdiction _2/ under
discussion at the Law of the Sea Conference have come under massive criticism
from a majority of states. In their view, the articles in the text,
prepared as a negotiating document by the Bulgurian Chairman of Committee III
of the Conference (which deals with marine pollution), reflect provisions in
a paper (L2k) presented on 21 March, 1975, by the United Kingdom on behalf of
nine states including some members of the European Community (EEC) and some
Eastern European socialist countries. The major weakness of these articles
appears to be their imbalance inasmuch as they give too little power to the
coastal state and leave too much discretionary power and p.iority jurisdiction
with the flag state to take legal action against their own ships for pollution

15/ Arts. 26 to 39, RSNT Part III, see UN Doc. A/CONF.62/WP.8/Rev.1/
Part III, 6 May 1976.
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damage to the marine environment. As a result, the articles seek to
preserve the rules governing the traditional freedom of the sea as it
relates to vessels of flag states. Further, the articles are unacceptable
in that they adhere to the o0ld principle of conferring sovereign immunity on
all military and civilian ships and aircraft operated by the state. 1In
these days of ever-increasing state participation in commercial activities
(and in some cases with no clear distinction between commercial and non-
commercial activities), a large number of ships would be exempt from
pollution liability if a blanket provision for sovereign immunity is accepted
by the Conference. It is admitted that an interference with government
ships, particularly non-commercial ones, can lead to misunderstandings which
may result in hot conflicts. A provision should therefore be included in
any new treaty, which would require governments to assume absolute liability
for any pollution damage caused by their ships and to make full reparation.
Such a provision would avoid the question of a coastal state assuming
jurisdiction over foreign-government, non-commercial ships, including war-
ships. Once governments have a genuine concern for the enviromment,
reasonableness must be the essence of their approach to the uses of the seas
and to the provision of a balanced set of rules to govern jurisdiction
conflicts.

2.6 TFreedom to pollute and international jurisdiction

It is unfortunate that states have not always been remsonable in their
approach to the uses of the seas. They have interpreted the freedom of the
high seas to mean a freedom to exploit marine resources beyond national
Jurisdiction in an irrational and unrestrained fashion. It wvould appear as
if they have stretched the freedom of the seas to include in its ambit a
freedom to pollute. Traditionally, states have looked on ocean space beyond
national jurisdiction as a free-for-all or up-for-grabs area. They consider
it a province for plunder. The United Nations and its specialized agencies
have recognized the need to turn man around and away from his collision course
with the marine environment. In such a collision, both man and the
environment would be critical casualties.

The United Nations has in 1970 decided that the area beyond national
Jurisdiction (the Area) and its resources are the common heritage of mankind.
The area is not a res nullius and no longer up for grabs. The waters are
still free for navigation; but there is no freedom to exploit resources or
to pollute the marine environment.

Pursuant to the concept of the common heritage, the Third UN
Conference on the Law of the Sea is engaged in the exercise of elaborating a
constitution for an International Authority (international regime and
machinery) to govern the activities in ocean space beyond national jurisdiction.
The Chairman of Committee I of the Conference has produced a Single Negotiating
Text (Revised) 16/ containing proposals for such a constitution. Of the 63

16/ A Single Negotiating Text, prepared by the Camerounian Chairman of
Committee I (International Regime and Machinery) of the Conference,
contains the Chairman's perceptions of what he believes may be an
emerging consensus of an acceptable constitution for an International
Authority. The Text, like the other negotiating texts of the Conference,
has no other status than that of serving as a basis for continued
negotiation without prejudice to the right of any delegation to move
ameniments or to introduce any new proposals (UN Doc. A/CONF.WP8/Rev.l
Part III).



articles and four annexes of the Revised Single Negotiating Text under
reference, only one Article deals with the protection of the marine
environment. That is Article 12, which reads as follows:

"With respect to activities in the Area, necessary measures shall
be taken in order to ensure effective protection for the marine
environment from harmful effects which may arise from such
activities. To that end the Authority shall adopt appropriate
rules, regulations and procedures for inter alia:

(i) the prevention of pollution and contamination, and other
hazards to the marine environment, including the coastline,
and of interference with the ecological balance of the marine
environment, particular attention being paid to the need for
protection from the consequences of such activities as
drilling, dredging, excavation, disposal of waste,
construction and operation or maintenance of installation,
pipelines and other devices related to such activities;

(ii) the protection and conservation of the natural resource of
the Area and the prevention of damage to the flora and fauna
of the marine environment."

This provision is couched in very general terms and is quie
imprecise. The "necessary measures" are to be taken, but it is not clear
by whom. Is it to be inferred that the 'measures" are to be takern by the
Authority, since it is the Authority that shall adopt appropriate rules "to
that end"? Or is it left deliberately open-ended so as to allow states
and the International Authority to take 'necessary measures" concurrently?
Such open-endedness can lead only to ambiguity which will result in
ineffective measures to protect the marine environment.

The Authority will be responsible for, among other things,
regulation of the exploration and exploitation of the resources of the sea-
bed and ocean floor in international jurisdiction (the Area). Exploration
and exploitation in national jurisdictions have caused marine pollution,
particularly in cases of oil exploitation. Offshore petroleum operators
have often blamed natural oil seepage for pollution of the marine
environment when in fact their own operations have largely beer. responsible.
In addition, because of the intense activity of oil tankers in the area and
other support ships, pollution from these vessels also takes place. Hence,
if in national jurisdictions, pollution from these activities is not
effectively regulated, it will be quite naive to believe that states will,
in a convention, give the International Authority the power to make
effective rules, take necessary measures and enforce them so as to prevent
and control pollution and punish offenders, since the Authority will be
exercising jurisdiction over ships to the prejudice of the flag state's
sovereignty and sacred exercise of the freedom of the sea. Proper concern
for the environment does dictate the need to confer comoprehensive powers on
the Authority to deal with pollution in the Area.

2.7 Lisbility end responsibility

Responsibility and liability of states and entities have always been
complex issues in international relations. They still remain unsettled.



In view of the fact that states have the obligation and duty to provect
the marine environment, it should follow then that they be held liable for
any damage done to it by themselves or by entities under their control and
jurisdiction. The provision on Responsibility and Liability under
discussion in the current Law of the Sea negotiations is Art. bl of the
RSNT Part III, 17/ which reads as follows:

"l. States are responsitle for the fulfilment of their inter-
national obligations concerning the protection and
preservation of the environment. They shall be liable in
accordance with international law for damage attributable
to them resulting from violations of these obligations.

2. States shall ensure that recourse is available in
accordance with their legal systems for prompt and
adequate compensation or other relief in respect of damage
caused by pollution of the marine environment by persons,
natural and juridical, under their jurisdiction.

3. States shall co-operate in the development of international
law relating to criteria and procedures for the determination
of liability, the assessment of damage, the payment of
compensation and the settlement of related disputes."

This provision is broad and general in its terms. It appears to
cover liability for all activities under the jurisdiction or control of
states which cause damage to the marine enviromment. Tt does not deal in
depth or detail with some of the serious problems regarding liability and
compensation for pollution damage. It dismisses the question summarily by
stating that liability will be "in accordance with international law".

State responsibility and liability are difficult, complex and thorny areas

of law, which need to be urgently clarified and codified. What seems to

be required is a detailed annex to the Conveantion of this subject or a
separate treaty to be concluded at a Conference with universal representation
similar to that of the Third UNCLOS. The provision does not advert at all
to the question of degree of liability, whether it should be strict or
absolute, to the requirement of compulsory insurance, no-fault or otherwvise,
and a fund (international) to cover all liability and compensation for damage
50 that innocent victims of pollution damage can receive adeguate reparation.

Another question that the provision does not answer is whether the
IMCO Civil Liability Convention (1969) and the International Fund Convention
(1971) can be considered as "international law" for the purposes of this
provision in the light of the fact that those conventions, if in force, have
as parties only a limited number of states. 18/ Wo attempt will be made here

17/ See UN Doc. A/CONF.62/WP.8/Rev.l1/Part III, op. cit. supra. Also see
Note 16 for remarks on status of text.

18/ The Civil Liability Convention came into force on June 19, 1975, and
only 1k states are parties to it; The Fund Convention has not yet
come into force and effect, and has to date only five parties to it.
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to examine the provisions of those couventions. Suffice it to say,
hovever, that the two IMCO Conventions deal narrowly with civil liability
and a fund for oil pollution damage, and seek to a large extent to protect
the interests of the major ship-owners rather than those of innocent
victims of pollution or the integrity of the marine environment.

3. Developing Political Awareness of Marine Pollution Protlems

An attempt has been made so far to look at the politics of pollution
in the context of current international negotiations on a new law of the =ree.
It has not been an easy question to deal with. It has, however, been shown
that knowledge and information are basic to the understanding of the problem
of marine pollution. Despite the urgency of the problem, a large number of
governments do not see pollution as a matter of priority. What has to be
done is to press governments into taking early and effective action against
marine pollution in all its myriad forms. One of the ways and means of
doing this is to arouse political awsreness by, among other things,
informing and stimulating public opinion. How then can this be done? This
is indeed s difficult question to answer.

The public can only be aware of the problem if it has adequate
knovledge and information about it. To be informed is to be aware.
Information must be presented in such a way that it can have an impact on
public consciousness and cognizance. Unless the public feels that its life
and livelihood are imminently threatened by the gravity of the pollution
problem, it would not demand action from governments. The public must be
made to see the direct relation between, on the one hand, the release of
toxic substances (like DDT) and other industrial effluents and wastes into
our streams and rivers, and, on the other, the poisoning of fish and the
eventual destruction of sll marine 1life, with all the serious consequences
for human survival. This is but one example. Another is the relationship
between the release of oil by vessels in the sea and the pollution of beaches
resulting in the destruction of the tourist industry, on which so meny
countries depend, particularly those in the Caribbean, some islands of which
rely on tourism for up to 75% of their national income.

People must be given the facts of pollution if they are to be made
politically aware of the problems involved. Facts by themselves are not
enough. Facts must be presented in such 2 wey as to give the people a
clear perception of those facts so that they can see pollution prevention
and control as a national priority. Educational programmes would have to
be carefully planned and implemented to bring home to the people the message
of pollution. A little bit of evangelising will not hurt. It is here
that political leaders must take the initiative and, like Prime Minister
Trudeau of Canada, make preservation of the marine environment a national
objective. Commonwealth Caribbean leaders should be in the vanguard of the
fight against marine pollution, because their countries have more to lose
from pollution of their air, streams, rivers and seas. Their environment is
in most cases their only on-going resource. They do not all have resources
of o0il, bauxite and natural gas, and even those resources are not
inexhaustible. Their fish is a renewable resource which must be protected
from pollution, and their skies and beaches, if preserved from contamination,
are resources that cannot be exhausted.



An educational programme must be well conceived and comprehensive
in its scope. It must seek to develop in individuals good habits and
attitudes towards the environment; for example, no random disposal of
trash, aluminium cans, etc., and proper sewage and garbage disposal systems.
Eince most adults may have already developed habits that may be difficult to
break at this stage, the programme must be directed primarily at the young.
This is not to say that Adult Education Programmes are not to be instituted
on the subject of the preservation of the marine environment, as one of the
subjects to be taught to adults at day and evening classes on the human
environment. The subject of the marine environment should be a compulsory
subject on the curriculum at the primary, secondary and post-secondary levels.
It must be taught with the help of all the modern teaching ails available
Books on the question of marine pollution must be prepared in language simple
enough to be understood by children at all levels. It is reported that text-
books on the subject have been prepared and are being experimented with in
Venezuela with some success. School plays should be put on with pollution as
the theme.

The mass media - particularly radio, newspapers, cinema and television -
have a role to play in dramatizing the problems of marine pollution and in
pinpointing the dangers of interfering with the ecological balance of the
environment. The use of the media must be an integral part of any educational

programme. A concerted international effort will have to be made to get film
producers to produce works that deal with the deleterious and tragic
consequences of marine nollution to human life. Instead of producing a film

like "Jaws" in which the man-eating shark is gobbling up human beings, it
would be nearer the truth to produce a film which shows how Man, the polluter,
is destroying "Jaws".

Both the theatre and cinema must be utilized in the campaign ageinst
marine pollution. An enlightened public, aware of its responsibility to
mankind in perpetuity, must demand of the cinema and theatre, the dramatizing
of the pollution problem. This the public can do by withholding its
patronage until demands are met. The public cannot wait until real theatre
dramatizes the problem for it. It cannot wait until disaster has struck
before it demands action of its legislators and decision-makers. It cannot
wait, as a tragic hero, until the real-life drama hes played itself to =
terrifying denouement. For man, such a tragedy would be catastrophic, with
irreversible consequences.

., Summary and Conclusions

In viev of the fact that land, see and air are integral parts of the
same ecosystem, marine pollution problems cennot be dealt with separately
from those concerning the land and stmosphere. Man, oblivious of his impact
on the environment, has, in his concern with technological advancement and
economic development, polluted land, sea and air. The wastes of modern
industry have reached alarming proportions. The few kinds of pollution that
have actually been measured seem to be increasing "exponentially"'. There is
evidence that man has 50 degraded the environment that irreversible damage
has already been done. Pollution growth must have an upper limit before the
disastrous explosion takes.place. No-one appears to know where that upper
limit is. As a result, man cannot continue to maintain an attitude of
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reckless abandon and indifference to the problems of marine pollution in
complete disregard for his own health, happiness and survival. Such an
attitude is clearly suicidal. Man must therefore set up the control
measures necessary to prevent pollution growth from reaching the upper limits
and so avert ecological disaster.

The current Law of the Sea negotiations have given new focus and
emphasis to the political aspects of marine pollution. Those negotiations
have shown the need for more precise knowledge and information about marine
pollution so as to enable meaningful and effective decisions to be taken.

They have revealed some basic political conflicts between economic development
and pollution control and prevention, and between the interests of states and
those of the corporate international community. An accommodation of divergent
interests must be reached if those conflicts are to be resolved. It is to be
hoped, however, that accommodations will not be reached in such a way as to
sacrifice environmental interests. In the race by states to grab ocean wealth
wvithin and beyond national jurisdiction, it is feared that no proper regard or
concern will be shown for the preservation of the marine enviromment. The
need arises therefore for the 156 states at the Third UN Conference on the Law
of the Sea to build institutional mechanisms that are strong and comprehensive
enough to safeguard and protect the environment from progressively increasing
growth of pollution in our seas and oceans.

It is imperative to develop worldwide awareness of the need to
ninimize pollution in all its forms - to avoid the release of chemical, toxic
and other wastes into canals, streams, rivers and the sea; to impose
universally high standards for the design, construction, equipment and manning
of all vessels; to devige a system to protect special marine areas which are
sensitive and fragile, and to ensure that land-based industries meet
acceptable environmental standards or not be permitted to operate at all.

States must enmect legislation on all aspects of pollution, and impose
penalties for offences severe enough to deter prospective offenders. States
must also have the political will to enforce its laws in this respect. In
order to avoid conflicts in respect of standards laid down for the
construction and equipment of ships, states should be required to establish
international standards through competent international bodies. Safe
construction and discharge standards are prerequisites in any system for
protecting the environment. It is to be noted that a structurally unsound
tanker can break up and sink, causing in the process irreparable harm to the
environment.

It has been evident in the Law of the Sea negotiations that in
attempting to strike a balance between the interest of flag states and of
coastal states in respect of marine pollution jurisdiction, greater concern
has been shown for the protection of the maritime interests of the flag state
than with the vested interest of the coastal state in protecting its territory,
or with that of the corporate international community in keeping the seas,
oceans and coastlines of the world unpolluted.

The marine pollution problem must be treated by states as a matter of
urgent priority. Marine scientific research must be undertaken to monitor
rollution, to identify and finger-print sources of pollution and to invent
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techniques for combatting and eliminating pollution. The seas and oceans
must be policed continuously to detect and arrest polluters and to produce
evidence for their prosecution. As stated earlier, penalties for offences
must be severe, and adequate reparation should be made so that innocent
victims of pollution damage can be compensated. Thought should be given
to the establishment of compulsory no-fault insurance schemes to cover all
pollution damage in civil matters, without affecting, however, criminal
sanctions against offenders for negligence or wilful misconduct as a result
of acts either of non-feasance, misfeasance or malfeasance. What appears
10 be required for the seas and oceans are national police "flying squads"
trained as crack marine units to deal with marine pollution offences.

The co-operation of states is a necessary ingredient for concerted
action in the battle against pollution. Each state should have & national
contingency plan to take effective action in cases of o0il spills resulting
from maritime accidents. Where states share an enclosed or semi-enclosed
sea, they must work out together regional contingency plans for such
accidents. In the Area beyond national jurisdiction, an International
Authority should have jurisdiction over pollution matters, not leaving
matters to the laissez-faire jurisdiction of flag states. Flag states must
be mede to comply with rules laid down internationally and take effective
enforcement action against ships flying their flat. The International
Authority shouvld, with the co-operation of states and international
organizations, work out its own contingency rlan to deal with accidents on
the high seas, particularly those resulting in serious oil spills.

It is regrettable that the level of political awareness, on the part
of states, of marine pollution problems is so low. Once this state of
affairs remains, governments will continue to teke merine pollution lightly
and not consider it as a question requiring priority treatment and attention.
It has been extremely difficult to find ways and means to raise the level of
political awareness. Some suggestions have been mode here, however. They
point to the need to mobilize public opinion in the fight against marine
pollution so as to create environmental pressure groups that ventilate the
issue and force governments to take action. Teaching people to observe good
environmental habits, and training employees in good pollution control
practices and habits are two elementary methods of attacking the problem. It
has been suggested that teaeching and indoctrinating the young to respect the
human environment is a productive way to develop politicel ewareness of marine
pollution problems.

The mass media - particularly radio, television, cinema and newspapers -
must be made to play an important role in this process of raising the level of
politicsgl awareness. Governments .must be made by the public to assumz their
responsibilities in respect of marine pollution. No matter what the level of
avareness, enforcement- action by governments remains crucial to successful
polluvion prevention and control.
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